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THE FAUNA OF THE PITKIN FORMATION OF ARKANSAS! 


WILLIAM H. EASTON 
Illinois State Geological Survey, Urbana, Illinois 


ABsTRACT.—The Pitkin formation is a thick, predominantly limestone sequence of 


strata in northern Arkansas characterized by a unique and isolated fauna probably 
of Clore and younger age. The fauna is briefly discussed, a faunal list is given, and 
new species are described as follows: 4 corals, 1 blastoid, 1 stelleroid, 11 bryozoans, 


4 brachio 


from the Pitkin. 


s, 4 gastropods, and 1 cephalopod. At present 208 species are known 


INTRODUCTION 


HE IDENTITY of the Pitkin fermation of 

Arkansas was first recognized by D. D. 
Owen, who termed it the “‘Archimedes lime- 
stone,’’ but it was named the ‘Pitkin lime- 
stone’ by E. O. Ulrich in 1904 from ex- 
posures presumably near the town of Pitkin 
(now called Woolsey), but no precise type 
locality was specified. Actually, the Brent- 
wood limestone member of the Bloyd shale 
(Morrow Group) is the most conspicuous 
unit cropping out at Pitkin and it is prob- 
able that the type locality of the Pitkin 
formation is at the conspicuous bluff along 
highway 71 three-quarters of a mile south- 
east of the town of West Fork, Arkansas, 
in the W3, NW3 sec. 4, T. 14 N., R. 30 W. 
Although commonly described as a lime- 


_ stone, the Pitkin has been shown (Easton, 


1942) to include a considerable proportion of 
shale and some lenticular sandstone bodies. 

The Pitkin formation extends from near 
Muskogee, Oklahoma, where it occurs in 
scattered outcrops, to the vicinity of Bates- 
ville, Arkansas. It crops out continuously 


1 Published by permission of State Geologist, 
Arkansas Geological Survey. 
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across the north escarpment of the Boston 
Mountains, with the thickness varying 
from about 20 feet in western Arkansas to ¢ 
possible maximum over 400 feet in Searcy 
County. Farther east it thins to where the 
Boston Mountains terminate at the Missis- 
sippi Embayment and the formation is no 
longer fully exposed. There is also thicken- 
ing from the north, where the formation is 
partly conglomeratic, to the south. The 
northern shore of the Pitkin sea probably 
lay not far north of the present northern 
limit of outcrop. 

Most strata within the Pitkin are locally 
very fossiliferous, the upper portions being 
the most fossiliferous of all. Snider (1915) 
was the first to describe species from this 
formation and Girty (1929) and Laudon 
(1941) subsequently have added new spe- 
cies. The fauna has either been examined or 
referred to by Croneis, C. A. Moore, Purdue 
and Miser, Roth, Sutton, and Ulrich. 

Because the Pitkin is the youngest Ches- 
ter formation in Arkansas, it is important 
that its fauna be well understood in order 
to deal competently with the problem of the 
Mississippian-Pennsylvanian boundary. In 
northwestern Arkansas the Pitkin typically 


‘ 
Own, 
carly 
Mu- 
LDT, | 
a 
‘um. 
208: 
arly 
wn, 
ers- 
ody 
HU- 
ers- 
HU- 
arly 
im. 
nct 
rth 
14, 
ta- 
ca: 
rds 
ol, 
er- 
3, 
nd , 
Pp. 
of 
sh 
“ 
p. 
in 


126 


is overlain by the Hale sandstone and under- 
lain by the Fayetteville shale but eastward 
from Newton County the contact between 
the Pitkin and the Morrow strata is exceed- 
ingly difficult to recognize, therefore, this 
paper is chiefly concerned with the Pitkin 
fauna of the western area. 
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FAUNAL RELATIONS AND CORRELATIONS 


The late Chester age of the Pitkin forma- 
tion is well established by a comparison of 
its fauna with the Chester faunas of Illinois. 
The upper Chester is characterized in part 
by the presence of Composita subquadrata, 
Eumetria costata, Buxtonia arkansana?, and 
Glyptopleura inoptina, to mention only those 
species which occur in both the upper Ches- 
ter of Illinois and in the Pitkin. The Pitkin 
fauna, however, is composed not only of 
typical upper Chester species, but also of 
some species characteristic of overlying 
Pennsylvanian beds and others that are 
typical of strata older than the upper 
Chester. As in the Chester faunas of Illinois, 
there are many species that have a long 
Chester record. The chief faunal character- 
istics of the Menard, Clore, and Kinkaid 
limestones of Illinois, as indicated by Stuart 
Weller (1920) are given below. 

In the Menard limestone occur Pentre- 
mites fohsi, Pterotocrinus menardensis, abun- 
dant spinose summit plates of Hydreiono- 
crinus, Archaeocidaris plates, and a large 
coarse form of Spirifer increbescens. Com- 
posita subguadrata replaces the earlier 
Chester Composita trinuclea in this forma- 
tion and Eumetria costata replaces the earlier 
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Eumetria vera. Sulcatopinna missouriensis js 
most common in the Menard. 

The Pitkin formation contains Pentre. 
mites, Pterotocrinus, Hydreionocrinus, and 
Archaeocidaris, but these eiements are not 
of great value unless known specifically, 
Spirifer increbescens and Sulcatopinna mis- 
souriensis are apparently lacking, but Com- 
posita subquadrata and Eumetria costata are 
both present 

In the Clore limestone Composita sub- 
quadrata and Spirifer increbescens are 
associated with Buxtonia arkansana?. Bato- 
stomella nitidula is a conspicuous element and 
is locally very abundant, whereas Glypto- 
pleura inoptina is known in Illinois only 
from the Clore. Rhombopora is common. 

The presence in the Pitkin of Buxtonia 
arkansana, Composita subquadrata, Glypto- 
pleura inoptina (of which more later), and 
species of Batostomella and Rhombopora indi- 
cate more similarity between the Clore and 
Pitkin than between the Menard and Pitkin. 

The fauna of the Kinkaid is characterized 
by the return of Composita trinuclea, which 
is associated with Martinia contracta and 
Sulcatopinna missouriensis. 

The Pitkin contains Composita trinuclea, 
Martinia, and also Composita subquadrata, 
the last of which is not known from the 
Kinkaid. This unusual circumstance, the re- 
currence of Composita trinuclea, is shared by 
both the Kinkaid and Pitkin, but the occur- 
rence of Composita subquadrata must be 

explained at present as a holdover in the 
Pitkin. 

Glyptopleura inoptina, the types of which 
were collected about 20 feet above the base 
of the Fayetteville shale, has been found in 
Illinois only in the Clore, according to C. L. 
Cooper (1941, p. 11). The species also occurs 
near the base of the Pitkin in western 
Arkansas (which is well up in the total ag- 
gregate of the formation), therefore, several 
hundred feet of strata occur between the 
Fayetteville and Pitkin occurrences. The 
correlation of the Clore with either the Pit- 
kin of western Arkansas or part of the lower 
portion of the Fayetteville shale is indicated, 
in either of which cases, the Pitkin must be 
very late Chester. 

Several Pitkin elements are of decided 
Pennsylvanian aspect. Eoasianites n. sp. is 
very similar to E. oblatus from the Morrow 
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of Arkansas and may be ancestral to the 
latter, as A. K. Miller has indicated that the 
Pitkin species is the primitive.? 
Euphemites n. sp., though known from other 
Chester beds, is widely present in the Penn- 
sylvanian. Hemizyga is typically found in 


‘the Upper Carboniferous. Delocrinus is 


typically Upper Carboniferous, and Laudon 
(1941, p. 384) has already mentioned the 
Upper Carboniferous aspect of the Pitkin 
crinoids, all but one of which are Inadunata. 
Pleurodictyum eugenei has heretofore been 
thought to have been restricted to the Penn- 
sylvanian. Dielasma arkansanum and Eu- 
metria vera are known from Mississippian 
and Pennsylvanian beds. Altogether, 64 
genera, or half of the 130 recognized genera 
represented in the Pitkin fauna are known 
to occur in Pennsylvanian strata; this would 
indicate a late Chester age for the Pitkin 
formation, although it is inconclusive proof. 

Several elements of the Pitkin fauna are 
typical of much older strata. Syringothyris 
n. sp. represents a genus characteristic of 
rocks of Kinderhook through Keokuk age. 
In the Mississippian, Pustula and Krotavia 
were known only from the Kinderhook to 
Burlington and from Kinderhook strata, 
respectively, although a Pennsylvanian 
species of each has been described. A ganaster 
is typical of part of the Borden group. 
Amplexus has a long range from Devonian 
to Pennsylvanian, but is most characteristic 
of the Lower Mississippian or Iowan series. 
Holopea newtonensts, if it really occurs in the 
Pitkin is relict from the Iowan series. Griffith- 
ides, also of doubtful Pitkin occurrence, is 
indicative of older strata. Dolorthoceras 
eurekensis is known from pre-Pitkin strata. 
Agassizocrinus, Camarophoria explanata, 
and the several species of Archimedipora 
are more typical of older Chester strata in 
Illinois, although they do carry upward in 
less abundance. 

The writer assigns the Pitkin to the upper 
Chester and believes that its lower part is no 
older than the Clore. The Pitkin probably 
includes not only the Kinkaid, but also 
strata younger than any part of the Chester 
series of Illinois. 

Snider (1915, p. 43) correlated the Pitkin 
with the Maxville limestone of Ohio and 


? Correspondence, April 15, 1940. 
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through the Maxville with the Greenbrier 
limestone. The writer agrees with Morse 
(1910, p. 108) that the Maxville is probably 
equivalent, at least in part to the Ste. 
Genevieve limestone, thus, the Greenbrier 
cannot be equivalent to the Pitkin. The 
upper Greenbrier contains some Chester 
beds but none as young as those of the 
Pitkin. The Carterville limestone of Mis- 
souri, which has been suggested as a possible 
cerrelative of the Pitkin by Snider (1915, 
p. 43), is lower Chester. 

Beds of Pitkin age are probably included 
in the Chester of the Appalachians but the 
faunas of these eastern beds are not suffi- 
ciently well known to permit accurate corre- 
lations. Butts (1927) considered that the 
Parkwood bridges the Mississippian-Penn- 
sylvanian boundary and that the basal 
Parkwood is equivalent to the upper part of 
the Pennington formation of eastern Ten- 
nessee, which, in turn, is equivalent to part 
of the Floyd shale. He (1927, chart opposite 
p. 80) considered the Floyd shale of Ala- 
bama to be equivalent to the Bangor, Penn- 
ington, and Parkwood. With the base of the 
Floyd placed at the horizon of the Glen 
Dean, it is obvious that the Pitkin is equiva- 
lent to part of the Floyd, because the top of 
the Floyd is uppermost Chester. It cannot 
be determined at present what part of 
the Floyd is equivalent to the Pitkin, but 
the Pitkin is presumably younger than the 
Bangor limestone or parts of the Floyd 
equivalent to the Bangor. 

Although the Paradise formation of Ari- 
zona contains several species in common 
with the Pitkin, Hernon concluded (1935, 
p. 663) that the Paradise probably was no 
younger than part of the Glen Dean. 

The White Pine shale of Nevada and the 
Pitkin contain two cephalopod species that 
are closely similar, if not conspecific, but 
a correlation based on the meager fauna of 
the White Pine can not be definite. 

Bell (1929, pp. 66-68) gave a faunal list 
of the Windsor of Canada, which is of de- 
cided European character, but correlations 
with the Chester of the Mississippi Valley 
seem of doubtful validity. It does not seem 
likely that the fauna of the Windsor sea ever 
entered the mid-Continent sea of the United 
States. Instead, the Windsor appears to be 
typical of European Carboniferous seas. 
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Detailed studies of the Carboniferous 
corals have been made by British paleon- 
tologists, whose work has been summarized 
by Hudson and Turner (1933) in a paper of 
signal interest to all students of the Lower 
Carboniferous. The Chester series includes 
at least the English faunal zones E; and E, 
and probably part of the H zone; the Upper 
Viséan may be equivalent to part of the 
Chester, also. 

Upper Mississippian coral faunas have 
been reported from China, where, according 
to Ting and Grabau (1936, p. 560, 561), the 
Upper Mississippian (Fengninian) or 
Shangssuan series is marked in the upper 
portions by the predominance of the coral 
genera Syringopora, Caninia, Lithostrotio- 
nella, and Kweichouphyllum. Ting and Gra- 
bau regard the fauna as typically Indo- 
Pacific, 


which entered the Eurasian continent in South 
China and Indo-China and transgressed west- 
ward to the extreme western limit of the Con- 
tinent. The path of the invasion is well shown by 
the occurrence of this fauna in Kansu Province, 
Chinese and Russian Turkistan, the Ural region, 
the Moscow and Donetz Basins, Persia, Asia 
Minor, and elsewhere. 


The unusual coral fauna from the Pitkin 
is separated from similar occurrences by 
considerable distances. This fauna probably 
never existed in the seas which covered 
southern Illinois during Chester time be- 
cause not a single one of its genera has been 
recorded there. Possibly the fauna migrated 
down the Appalachian or Cordilleran geo- 
syncline and thence into the Pitkin sea. 

Surely the Pitkin sea was unique, bearing 
not only the general long-range Chester 
species, but relict species, species of Penn- 
sylvanian aspect, foreign coral genera, and 
several rarely found genera of invertebrates. 


NATURE AND SOURCE OF THE FAUNA 


The characteristics of the Pitkin fauna 
are as follows: 

1. A few species are of decided upper 
Chester age. 

2. The fossils are, for the most part, of 
long Chester range and wide geographic 
distribution. 

3. A few species occur in the Pennsyl- 
vanian and half the genera carry over into 
the Pennsylvanian. 
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4. A few other species are not known from 
the Pennsylvanian, but are suggestive of 
more advanced development than other 
Chester elements. 

5. A few species are characteristic of 
earlier Chester strata and some species are 
closely related to or reminiscent of species 
from the Iowa series. 

6. Individual faunal elements which 
would provide bases for correlating the 
Pitkin with some definite portion of the 
type Chester of the Illinois Basin are largely 
absent, therefore, the fauna appears to be 
geographically isolated. 

7. Some species are unlike other known 
Chester fossils from the United States, but 
are related to certain foreign species. 

8. The fossils occur abundantly at some 
localities but are not necessarily restricted 
enough to allow constructive zoning of the 
formation at this time. 

The writer views the Pitkin sea as being 
a lobe of an ocean lying south of North 
America. In this sea the Chester faunas 
evolved and from it they migrated north- 
ward from time to time and the Pitkin 
fauna seems to record the last migration 
during the Mississippian period in the mid- 
Continent. This ocean probably endured 
from earliest Mississippian time and as late 
as Pitkin time contained relict elements of 
early Mississippian age. The Pitkin sea, 
occupying a separate basin from that of the 
Illinois basin, was probably sufficiently 
isolated geographically for the fauna to 
possess marked differences from the north- 
ern Chester faunas. Long range Chester 
species occurred in both basins, but certain 
distinctive guides present abundantly in 
Illinois are absent in Arkansas. The writer 
believes faunas of Pennsylvanian aspect 
were appearing as the last of the early 
Mississippian faunas were dying out, and 
that this condition was attained during Pit- 
kin or late Chester time. Furthermore, 
faunal migration from Europe or Asia ap- 
parently reached this ocean and certain 
corals of unique aspect migrated northward 
with the Pitkin sea but were unable to cross 
into the Illinois basin. 

Such a situation might have existed if 
the two basins were separated by a barrier 
connecting the Ozark and Nashville domes, 
or if a marine connection between the south- 
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ern and the northern (Illinois) basins were 
ynenduring and different environments 
acted as an ecologic barrier. Certainly a 
connection existed in lower Chester time, 
but there appears to be no evidence that the 
two basins were directly joined in Pitkin 
time. 

The recurrence of certain Mississippian 
species in the Morrow group can be ex- 
plained similarly, on the basis of a parent 
ocean lying south of the present Boston 
Mountains. The Hale sandstone and con- 
glomerate was deposited in a shallow post- 
Pitkin sea by currents capable of transport- 
ing coarse sediments and of partially re- 
working Pitkin sediments and their fossils. 
In the meantime, most, but not all of the 
Mississippian elements in the parent ocean 
had died out and true Pennsylvanian forms 
were added to the assemblages which typi- 
fied post-Hale strata. That considerable 
time would be necessary to accomplish the 
faunal break, is evident, even though the 
unconformity is not structurally apparent. 


FAUNAL SUMMARY 


Genera Total 

Identi- ribed scribed 

Species Species “' 
Foraminifera 1 0 0 1 
Porifera 1 0 0 1 
Anthozoa 8 8 4 11 
Blastcidea 1 2 1 3 
Crinoidea 15 7 0 23 
Stelleroidea 2 1 1 2 
Echinoidea 1 0 0 1 
Vermes 1 0 0 1 
Bryozoa 15 24 11 30 
Brachiopoda 27 38 4 48 
Pelecypoda 17 22 0 35 
Scaphopoda 1 0 0 1 
Gastropoda 24 9 4 30 
Cephalopoda 6 5 1 9 
Trilobita 3 2 0 4 
Ostracoda 3 2 0 3 
Vertebrata 4 0 0 4 
Plantae 0 0 0 1 
Totals 130 121 26 208 


The faunal summary presented in tabu- 
lar form classifies the 208 species now known 
from the Pitkin. Every fossil form not 
demonstrably a synonym or homonym has 
been counted. Linoproductus prattenianus, 


FAUNA OF THE PITKIN FORMATION OF ARKANSAS 


129 


Eumetria marcyi, and Allorisma arkansana, 
all of which have been included in the fauna 
previously, are, in the opinion of the writer, 
synonyms of species already included. Pro- 
ductus elegans and Linoproductus ovatus are 
homonyms of other species and are there- 
fore omitted. Previous works by Snider 
(1915) and Roth (1929) listed 64 and 50 
species respectively. 


SYSTEMATIC DESCRIPTIONS 
Phylum COELENTERATA 
Class ANTHOZOA 
Order TETRACORALLA 
Family CLISIOPHYLLIDAE 
Genus KONINCKOPHYLLUM Thomson and 
Nicholson, 1876 
KONINCKOPHYLLUM TALONATUM Easton, 
Nn. sp. 


Plate 21, figures 3-7 


External character—Corallum simple to 
compound, fasciculate, cerioid; peripheral 
increase conspicuous. Simple coralla_ tur- 
binate, apical angle about 60°; conical form 
predominating, little or no cylindrical de- 
velopment. Epitheca not reflecting septa, 
marked by fine encircling lines and wrinkles; 
talon very conspicuous. Calyx rather broad, 
flaring, marked by much thickened counter- 
cardinal septum rising above the floor; 38 
to 42 major septa lining walls. Simple coralla 
range in length from 3 to 5 cm. 

Transverse section—Dissepimentarium 
occupying one-half to two-thirds of radius, 
consisting of small rather V-shaped dis- 
sepiments somewhat loosely arranged. Tab- 
ularium narrow, marked by one or several 
ranges of transsected tabulae; thickened 
columellar plate extending part way into 
well-developed cardinal fossula; cardinal 
septum short; major septa extending three- 
quarters of way to axis, equally thickened 
within tabularium. Septa less well defined 
in dissepimentarium, where they break up 
into diverging sides of dissepiments. Cardi- 
nal-counter septum continuous in younger 
stages, may be joined axially by alar septa. 
Dissepiments mostly concentric in young 
stages, become angular in mature stages. 

Longitudinal section.—Dissepiments dense, 
steeply inclined. Periaxial tabulae slightly 
sloping distally or nearly flat; axial tabellae 
sharply produced distally forming angle of 
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FAUNAL CHART 


First report 


Deposited 


Occurrence 


FORAMINIFERA 
Endothyra sp 

PORIFERA 
Cliona sp 

ANTHOZOA 
Ampblexus sp 
Aulopora cf. A. gracilis Thomson 
Caninostrotion variablilis, n. sp 
Koninckophyllum talonatum, n. sp 
Lonsdaleia major, n. sp 
Lonsdaleia minor, n. sp 
Pleurodictyum meekanum (Girty) 
Syringopora sp 
Triplophyllum spinulosum (Edwards and Haime) 
Cup coral unidentified 

BLASTOIDEA 
Pentremites sp 
Pentremites laminatus, n. s 
Pentremites cf. P. platybasis Weller 

CRINOIDEA 
Agassizocrinus sp. 1 
Agassizocrinus sp. 2 
Agassizocrinus sp. 3 
Carcinocrinus stevenst Laudon 
Catillocrinus sp 
Cosmetocrinus sp 
Cromyocrinus sp. 
Cyathocrinus sp. 

Delocrinus s 
Hydretonocrinus sp 
Linocrinus flowert Laudon 
Pachylocrinus sp 
Pelecocrinus stereosoma Laudon 
Phanocrinus cooksoni Laudon 


| Pennsylvanian 


Poteriocrinus ? sp 
Pterotocrinus sp 
Scytalocrinus sp. 1 
Scytalocrinus sp. 2 
Scytalocrinus braggst Laudon...... 
Scytalocrinus dunlapi Laudon 
Scytalocrinus garfieldi Laudon 
Crinoid unidentified 
STELLEROIDEA 
Aganaster cingulatus, n. sp 
Schoenaster ? sp 
ECHINOIDEA 
Archaeocidaris sp 
VERMES 
Spirorbis sp. 
BRYOZOA 
Anisotrypa solida Ulrich 
Archimedipora sp 
Archimedipora communis (Ulrich) 
Archimedipora distans (Ulrich) 
Archimedipora intermedia (Ulrich) 
Archimedipora invaginata (Ulrich) 
Archimedipora proutana (Ulrich) 
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Occurrence 


First report 


Pennsylvanian 


Archimedipora swallovana (Hall) 
Batostomella sp 
Chilotrypa regularis, n. sp 
Dichotrypa levis, n. sp 
Dyscritella ? sp 
Fenestella [Fenestreliina] sp 
Fistulipora introspinosa, n. sp 
Glyptopora michelinia (Prout) 
Glyptopora crassa, n. sp 
Lyropora solida, n. sp 
Meekopora abrupta, n. sp 
Meekopora tenuts, n. sp 
Polypora sp 
Polypora cf. P. whitet Ulrich 
Rhombopora sp 
Septopora cf. S. biserialis Swallow 
Septopora cestriensis Prout 
Septopora subquadrans Ulrich 
Tabulipora cestriensis (Ulrich) 
Tabulipora microfistulata, n. sp 
Tabultpora poculoformis, n. sp 
Tabulipora reflexa, n. sp 
Tabulipora subtilis, n. sp 
BRACHIOPODA 
Athyris cestriensis Snider 
Buxtonia arkansana (Girty) 
Camarophoria cestriensis Snider 
Camarophoria explanata (McChesney) 
Chonetes oklahomensis Snider 
Chonetes sericeus Girty 
Chonetes tumescens, n. sp 
Cliothyridina (Hall) 
Composita subquadrata (Hall) 
Composita trinuclea (Hall) 


Crania infimbriata, n. 
Diaphragmus ? sp 

Dielasma ? sp 

Dielasma arkansanum Weller 

Dielasma formosum (Hall) 

Dielasma illinotsensis Weller 

Dielasma shumardanum (Miller) 

Dielasma whitfieldi Girty 

Echinoconchus alternatus (Norwood and Pratten) 
Echinoconchus ? s 

Eumetria costata (Hall) 

Eumetria pitkinensis Snider 

Eumetria vera (Hall) 

Girtyella indianensis (Girty) 

Hustedia sp 

Hustedia multicostata Girty 

Krotavia lucerna, n. sp 

Lingula sp 

Lingulidiscina newberryi var. moorefieldana Girty 
Lingulidiscina newberryi var. ovata Girt 
Linoproductus pileiformis (McChesney) 
Martinia sp 

Orthotetes kaskaskiensis (McChesney) 

Orthotetes kaskaskiensis var. ? 
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FAUNAL CHART—Continued 
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Occurrence 


First report 


Pennsylvanian 


Orthotetes subglobosus var. 

Orthotetes suspectum (Girty 

Productus cestriensis Worthen 

Productus fasciculatus McChesney 

Pustula ? sp 

Reticularia setigera (Hall) 

Spirifer leidyt Norwood and Pratten 

Spirtfer pellaensis Weller 

Spirtferina spinosa (Norwood and Pratten) 

Streptorhynchus ? sp 

Syringothyris aequalis, n. sp. 

Tetracamera sp. (T. neogenes?) 

Tetracamera neogenes Girty 
PELECYPODA 

Allorisma walkert Weller 

Astartella sp 

Aviculopecten batesvillensis Weller 

Aviculopecten eurekensis Walcott 

Aviculopecten keoughensis Snider 

Aviculopecten morrowensts Girty 

Aviculopecten multilineatus Girty 

Aviculopecten pitkinensis Snider 

Conocardium sp 

Conocardium peculiare Girty 

Cypricardella sp 

Cypricardinia sp 

Edmondia crassa Girty 

Edmondia crassa var. suborbiculotdea Girty 

Edmondia pitkinensis Snider 

Leda sp 

Leda vaseyana (McChesney) 

Leiopteria ? sp 

Leptodesma ? sp. 

Myalina sp 

Myalina compressa Snider 

Myalina longicardinalis Snider 

Nucula illinoisensis Worthen 

Parallelodon sp 

Pteronites sp. 

Schizodus sp. 1 

Schizodus sp. 2 

Schizodus arkansanus (Weller) 

Schizodus chesterensis Meek & Worthen 

Schizodus depressus Worthen 

Schizodus insignis Drake 

Solenomya ? sp 

Sphenotus cherokeense Snider 

Sphenotus gibsonense Snider 

Sphenotus quadriplicatum Snider 
SCAPHOPODA 


Bellerophon sp. 1 

Bellerophon sp. 2 

Bellerophon pitkinensis Snider 
. Bucanella ? sp 

Colpites ? sp 

Euphemites incarinatus, n. sp 

Clabrocingulum sp 
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§ 
§ 
a 
rix 1 
Holopea newtonensis ? 
sens r |x |W 
Platyceras subrotundum a WwW G 
Straparolus planidorsatus (Meek and Worthen)............. r W G 
r|x |W 
CEPHALOPODA 
Coloceras [Leuroceras ?| sp.1..... r W 
Cravenoceras cf. C. hesperium Miller and Furnish........... r |x 
Cycloceras randolphensts (Worthen) r WwW 
Cycloceras sequoyahensts r WwW 
Dolorthoceras ? eurekensts (Walcott) WwW G 
ks r|x |W G 
TRILOBITA 
Kaskta chesterensis J. M. c |x |W 
OSTRACODA 
VERTEBRATA 
r |x |W 
PLANTAE 
r |x |W 


r—rare W—Walker Museum 
U—U:S. Geological Survey 


c—common 


x—first report or species present T—University of Tulsa 
a—abundant I—State University of Iowa 
?—doubtful N—National Museum 


G—genus present 
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about 45 to 60 degrees with thickened 
median plate; density of tabulae about 12 in 
0.5 cm. 

Comparison.—This species differs from 
K. magnificum in the more acute axial 
tabellae, broader dissepimentarium, thicker 
median plate, and fewer septa. It differs 
from K. interruptum chiefly in the persistent 
median plate, broader dissepimentarium, 
and septa of nearly equal strength. 

Types——Holotype, U. C. 48257 from 
locality 10; ideotype, U. C. 48259 from 
locality 6. 


Family CANINIIDAE 
Genus CANINOSTROTION Easton, n. gen. 


Diagnosis—Compound  rugose_ corals 
multiplying asexually chiefly by ‘“‘peripheral 
increase’’ but possibly also by basal division. 
Cardinal fossula conspicuous in all but early 
stages, formed by down-bending of tabulae 
a chorteuing of cardinal septum. Dissepi- 
mentari*n: broad; dissepiments tend toward 
angulo-concentric pattern. Pseudocolumella 
intermittently developed, variable, formed 
by junction of axial ends of some major 
septa combined with the distal arching of 
tabulae. Tabulae strong, irregularly ar- 
ranged. Typically, septa are equally thick- 
ened in all quadrants. 

The genus differs from Caninophyllum 
Lewis, 1929 in being compound, in having 
major septa typically equally thickened in 
all quadrants, in having a well-developed 
pseudocolumella, and in having much 
shorter minor septa than in Caninophyllum. 
It differs from Bothrophyllum Trautschold, 
1879 in the same manner, but the pseudo- 
columella is stronger and more persistently 


present in late stages. The pinnate arrange-— 


ment of the septa adjacent to the cardinal 
septum is obscure, if present at all. There is 
no flattening of tabulae in the adult. 
Genotype, Caninostrotion variabilis, n. sp. 
Occurrence-—Widespread in the Pitkin 
formation (uppermost Chester) of Arkansas. 


CANINOSTROTION VARIABILIS Easton, n. sp. 
Plate 21, figures 14-16 


External character—Conical proximally, 
rapidly attaining cylindrical shape. Talon 
inconspicuous, sometimes more than one 
present. Epitheca thin, marked by ex- 
tremely fine encircling striae; rugae com- 
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monly present. Calyx subcircular to oval, 
very deep, floor crossed by major septa, 
many uniting axially. Cardinal fossula wel] 
developed, narrow, typically lying op 
shorter or inwardly bent side of corallite and 
not tending towards rotation; other fossulae 
lacking. Simple specimens range in length 
from 3 to 8 cm., in width from 1.5 to 4.5 cm, 
greatest diameter; largest corallum 11 cm, 
long and 9 cm. in greatest width, with at 
least three ranges of corallites. 

Transverse sectionMajor septa in ma- 
ture regions 38 to 46; cardinal septum usu- 
ally short, flanked on each side by one or 
two major septa tending to enclose fossula 
but not joining ends; major septa typically, 
but not invariably, equally thickened, one 
section showing added septal stereozone in 
cardinal quadrants; thickening only within 
tabularium, septa tapering axially; ends 
of a few majors commonly joined at weak 
pseudocolumella; minor septa not com- 
pletely crossing into tabularium, except in 
very young stages; minor septa slightly 
thinner, more irregular than extrathecal 
portions of majors. Tabularium occupies 
one-third or less of radius. Dissepimenta- 
rium broad; outer dissepiments very angu- 
lar for a few rows, most others angulo-con- 
centric, except for the innermost concentric 
series where dissepiments may be some- 
what thickened. 

In immature regions, sections show nar- 
row dissepimentarium not present in earliest 
stages, consisting principally of concentric 
dissepiments. Fossula less well marked than 
in advanced stages. In very early stages few 
major septa always unite at axis and cardi- 
nal septum is long and slightly thicker than 
other septa. 

Longitudinal section Dissepimentarium 
absent in very early stages, first represented 
by single row of vesicles; in mature stages 
dissepimentarium may occupy two-thirds 
of radius; outermost dissepiments closely 
packed; innermost dissepiments less closely 
packed but noticeably thickened. Inner wall 
indicated but not invariably present. Active 
growth stages indicated in dissepimentarium 
by broadly S-shaped rows of dissepiments. 
Tabulae highly variable, broadly to sharply 
arched; tabulae arched axially to meet 
axial ends of some major septa’ thereby 
forming pseudocolumella; density of tabulae 
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rather irregular about 20 to 22 in 1 cm., 
some tabulae incomplete. 

Comparison.—This species differs from 
Bothrophyllum longiseptum (Lewis), (for- 
merly called Pseudocaninia) which it re- 
sembles somewhat, in having a more pro- 
nounced pseudocolumellar structure, even 
in mature stages. Its minor septa are located 
within the dissepimentarium, except occa- 
sionally in young stages, and the septal 
stereozone is not typically greater in the 
cardinal quadrants than elsewhere. 

Types——Holotype, U. C. 48367 from 
locality 4; paratype, U. C. 47203 from lo- 
cality 4; ideotype, U. C. 48272 from locality 
3. This is one of the most common Pitkin 
fossils, occurring at almost every locality, 
sometimes in great abundance. 

Remarks.—Because added septal stereo- 
zone in the cardinal quadrant was observed 
in only one transverse section out of the 
many dozens observed, this feature must be 
an aberration here. 


Family LONSDALEIIDAE 
Genus LonsDALEIA McCoy, 1849 
LONSDALEIA MAJOR Easton, n. sp. 

Plate 21, figures 11-13 


External character —Corallumi compound, 
massive, cerioid, prismatic in young regions, 
fasciculate and phaceloid in mature regions. 
Colony about 15 cm. in diameter, roughly 
spherical, corallites radiating from center 
of base. Average diameter of calices varies 
from 1.5 to 2.0 cm. in mature regions. 
Epitheca moderately thick with prominent 
interseptal ridges and fine encircling striae. 
Calyx depressed periaxially, a calicular boss 
rising above depressed portion; about 32 
major septa present in ephebic portions. 

Traverse section.—Dissepimentarium con- 
sisting of several rows of large, irregularly 
shaped dissepiments, septa faintly mirrored 
within dissepimentarium as ridges on some 
dissepiments. Lonsdaleioid retreat of septa 


-very pronounced in late mature regions, 


commonly lacking in early mature regions. 
An inner wall (sclerotheca) formed by thick- 
ening of densely packed dissepiments. Inner 
zone consists of thickened major septa, 
about 32 of which extend almost to the axial 
complex; thin minor septa intercalated be- 
tween them extend very short distance 
within sclerotheca, Calicular boss formed of 
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thin lamellae aligned with major septa and 
of distally arched tabellae; axial complex 
resembles spider’s web in transverse section. 

Longitudinal section.—Dissepiments flatly 
convex axially, forming one to four rows in 
dissepimentarium. Inner wall formed by 
thickening of some dissepimental tissue. 
Tabulae convex proximally, very thin, 
sparse. Tabellae very fine, densely packed, 
arching up steeply, meeting broadly sinuous 
lamellae. Axial complex occupies from one- 
third to one-half of radius, Outline of each 
corallite marked by several evenly rounded 
swellings not distinct enough to be termed 
rugae. 

Comparison.—This species differs from 
Lonsdaleia duplicata duplicata by having a 
more fasciculate corallum in ephebic stages, 
more numerous septa, and smaller dissepi- 
ments. It can be distinguished from 
L. pictoense (Billings) by #ts larger size, 
much more numerous septa, prominent axial 
complex, and broad dissepimentarium. 

Type.—Holotype, U. C. 48261; locality 
48. 


LONSDALEIA MINOR Easton, n. sp. 
Plate 21, figures 1, 2 


External character —Corallum compound, 
massive, cerioid, composed of prismatic 
corallites whose polygonal cross sections 
vary from three- to seven-sided. Colony 6.2 
cm. long, about half as wide, about one- 
third as thick. Corallites from 3 mm. to 10 
mm. in diameter. Holotheca not observed; 
epitheca thick. Calyx deep, walls steepest 
near periphery, calicular boss present in 
axial region. Maximum number of septa 
observed, 20. 

Transverse sectionEpitheca marked by 
low interseptal ridges. Dissepimentarium 
occupies at most one-third of radius. Major 
septa considerably contorted, thickened by 
sclerenchyme, extending axially short dis- 
tance from dissepimentarium, most reaching 
epitheca. Minor septa very short, commonly 
only twice as long as thickness of epitheca. 
Dissepiments considerably thickened. Lons- 
daleioid retreat of major septa not pro- 
nounced; some minor septa reflected on axial 
side of dissepiments. Periaxial tabulae 
irregularly located, sparse. Axial tabellae 
arched distally making a spider’s web pat- 
tern in conjunction with lamellae, Median 
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septum quite distinct in young stages. 
Longitudinal section.—Dissepimentarium 
occupies one-third of radius at most; dis- 
sepiments large, thin, steeply inclined. 
Tabulae thin, sparse, broadly arched dis- 
tally. Tabellae fine, densely packed, con- 
torted, arched steeply distally. Single outer 
row of dissepiments much thickened, very 
pronounced. 

Comparison.—This species differs from L. 
major, n. sp. in the smaller corallites, fewer 
and shorter major septa, less broad dissepi- 
mentarium, and narrower and simpler axial 
complex. It differs from L. floriformis flori- 
formis in the less broad dissepimentarium, 
commonly fewer septa, thickened dissepi- 
ments, and presence of interseptal ridges. 

Type.—Holotype, U. C. 48256; locality 
26. 


Suborder TABULATA 
Family FAVoOsITIDAE 
Genus PLEuROpICTYUM Goldfuss, 1829 


Remarks.—Lang, Smith, and Thomas 
have reported their belief (1940, p. 102) that 
Pleurodictyum is a senior synonym of Miche- 
linia de Koninck, 1841. According to these 
authors (1940, p. 85), the same opinion had 
been indicated by some authors, but it has 
not been consistently followed. Hall (1867) 
apparently considered Pleurodictyum to be 
a subgenus of Michelinia (or Michelina as 
Hall spelled it in that publication). 

Moreover, Lang, Smith, and Thomas 
(1940, p. 85) include all the subgenera of 
Michelinia in the synonymy of Pleurodic- 
tyum; Eumichelinia Yabe and Hayasaka, 
1915 is included objectively because these 
three authors chose identical genolectotypes 
(p. 58) for Eumichelinia and Michelinia; 
Procteria Davis, 1887 they included subjec- 
tively (p. 105); Protomichelinia Yabe and 
Hayasaka, 1915 they included subjectively 
(p. 107). 

Genotype, Pleurodictyum problematicum 
Goldfuss. 


PLEURODICTYUM EUGENE! (White) 


Michelinia eugeneae Wuite, 1884, 13th Ann. 
Geol. Survey, p. 119, pl. 23, 


[?] Michelinia branneri MILLERand GuRLEY, 1894, 
Illinois St. Mus. Nat. Hist., Bull. 3, p. 68, pl. 
7, figs. 12, 13. 
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Michelinia eugeneae, BEEDE, 1900, Kansas Geol, 
Survey, vol. 6, p. 21, pl. 2, ‘figs. 12-12b. 
[?] Michelinia ‘eugenae| sic]. YAKOVLEV, 1903, 
Mem. Geol. Comm., N. S., no. 12, pp. 7-15, 
pl. 1, figs. 3, 5. 

Michelinia eugeneae, MATHER, 1915, Bull. Sci, 
Labs. Denison Univ., vol. 18, p. 95, pl. 1, figs, 
17, 17a; pl. 2, fig. 1. 

Michelinia eugeneae, EASTON, ro Arkansas 

Geol. Survey, Bull. 8, pl. 1, fig. 4 


Remarks.—P. eugenei can be told from 
P. meekanum by the much smaller size of 
the corallum and of the corallites and by the 
very thin tabulae. This species is common in 
the Morrow but has not hitherto been re- 
ported from the Mississippian. 

Material—Walker Museum nos. 48282, 
48283, 48284; localities 6, 8, and 23. 


PLEURODICTYUM MEEKANUM (Girty) 


Michelinia meekana Girty, 1910, Ann. New York 
Acad. Sci., vol. 20, no. 3, p. 189. 

Michelinia meekana, SNIDER, 1915, Oklahoma 
ery Survey Bull. 24, pt. 2, p. 71, pl. 3, figs. 


Phylum EcHINODERMATA 
Class BLASTOIDEA 
Order EUBLASTOIDEA 
Genus PENTREMITES Say, 1820 
PENTREMITES LAMINATUS Easton, n. sp. 
Plate 21, figures 9, 10 


Description—Body of medium size, 
height and width very nearly equal; greatest 
width at distal ends of ambulacra. Dimen- 
sions of a well-preserved specimen are: 
height 13.5 mm., greatest width 14.0 mm., 
length of ambulacra 13.3 mm., greatest 
width of ambulacra 3.9 mm. 

Dorsal region convex; when seen later- 
ally, outline a broad, low, truncate, pyra- 
mid. Stem facet and adjacent trifoliate 
callosity slightly elevated; latter with lobes 
and sutures coinciding. Basal plates extend 
about one-third of distance from center of 
stem facet to distal parts of ambulacra; 
each basal with pronounced outward swell- 
ing coextensive with dorsal ambulacral re- 
gions, not reaching quite as high as stem 
facet, least prominent swelling on smallest 
basal. Dorsal ambulacral regions increas- 
ingly prominent toward lower ambulacral 
extremities. Interambulacral areas curving 
gradually away from ambulacral regions, 
broadly V-shaped with barely perceptible 
furrow marking each suture. 
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Ventral region gently convex with sides 
soping to truncate summit. Ambulacral 
areas about one-third as wide as long, 
V-shaped in cross-section, side plates most 
convex distally. Lateral grooves 10 in 3 mm., 
inclined medially and proximally in distal 


‘region, becoming transverse in proximal 


region. Interambulacral areas increasingly 
broadly concave below, becoming V-shaped 
dorsally, proximal ends plate-like, extending 
somewhat above summit. Lateral margins 
of interambulacra abruptly and evenly 
elevated, coalescing to form plate-like 
proximal ends. Deltoid plates slightly less 
than one-half as long as ambulacra, sutures 
straight, meeting at less than 90 degrees. 

Comparison.—This species is most closely 
allied to P. brevis Ulrich, differing from it in 
the smaller basal plates, more elevated stem 
facet and callosity, narrower and more 
acutely V-shaped ambulacra, and flat del- 
toid plates with a plate-like ventral exten- 
sion. The species differs from P. platybasis 
Weller in its convex dorsal region and its 
subangular interambulacra with pronounced 
elevations of the lateral margins. 

Types.—Holotype, U. C. 48293; para- 
types, U. C. 48294; all from locality 30. 

Some specimens of P. brevis in Walker 
Museum exhibit flattened triangular areas 
in the interambulacra, each being bounded 
by the lateral ambulacral margin, the ad- 
jacent dorsal half of the deltoid suture, and 
a faint ridge connecting the dorsal point of 
the deltoid plate and the dorsal extremity 
of the ambulacra. 

Remarks.—P. laminus n. sp. occupies a 
position intermediate between P. brevis and 
P. platybasis, at least in most structural 
details. Specimens from near Leslie, Ar- 
kansas, exhibit noticeable growth markings. 
In young individuals the basal region is 
produced dorsally, with the callosity and 
stem facet extending beyond the surface of 
the basals, 


Class STELLEROIDEA 
Subclass ASTEROIDEA 
Order CRYPTOZONIA 
Genus SCHOENASTER Meek and 
Worthen, 1860 
SCHOENASTER? sp. 

Plate 21, figure 8 


Remarks—Only part of one arm is 
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known; the fragment is 7.0 mm. long and 2.2 
mm. wide at the widest place, the distal 
portion of the fragment being narrower than 
the proximal part. Nine oval adambulacral 
plates are present on each half and are 
alternate in position. The largest of these 
plates are about 1 mm. long and 0.5 mm. 
wide. The adambulacrals are located with 
the long axes diagonal to the axis of the ray 
and are proximally directed. No fewer than 
9 spine bases consisting of minute depres- 
sions on the adambulacrals are arranged 
linearly toward the distal part of the plates 
and are aligned ventrally and proximally, 
hence, the spines pointed distally. The ven- 
tral surface is exposed and the ambulacral 
groove extends at least part way along the 
arm. No sutures can be observed on the 
floor of the groove. 

This specimen is referred to Schoenaster, a 
genus of true asteroids, but the absence of 
the disc renders the reference doubtful. In 
size of plates and proportions of the arm, 
the Pitkin fragment resembles S. (?) mon- 
tanus Raymond from the Madison lime- 
stone of Montana. Although some prepara- 
tion of the specimen has been attempted, no 
trace of the disc has been found. The disc of 
Schoenaster is pentagonal and the apex of 
each angle is orientated in line with a ray. 

Material.—U. C. 48292; locality 32. 


Genus AGANASTER Miller and 
Gurley, 1890 
AGANASTER CINGULATUS Easton, n. sp 
Plate 24, figures 9, 10 


Disc circular, usually distorted in preser- 
vation, greatest diameters of specimens 3.0 
mm. to 3.6 mm. Dorsal surface seemingly 
formed of imbricating plates, arrangement 
not accurately determinable, probably in 
two circlets. Indistinct radial swellings seem 
to coincide with some plates. Body probably 
comparatively thick because shape of arms 
is not indicated on dorsal surface. Ventral 
surface gently convex; two segments of arms 
extending within periphery of disc, being 
progressively more incorporated within it. 
Interambulacral regions consist of polygonal 
plates; genital slits located beside arms near 
their origins. Marginalia in. vertical band or 
girdle encircling disc. 

Arms subcylindrical, tapering to tips, 
somewhat depressed dorsally and ventrally, 
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and presumably capable of considerable 

lateral, as well as vertical, flexibility. A 
segment adjacent to disc of one specimen 
measures 0.49 mm. in length, 0.80 mm. in 
greatest width, being somewhat narrower 
proximally. Segments near tips of arms only 
slightly shorter, much narrower than proxi- 
mal segments. One isolated arm retains 21 
articulated segments, usually fewer are pre- 
served on arms attached to discs. Each seg- 
ment partially inclosed by paired spineless 
side plates separated by straight sutures 
dorsally and ventrally, ventral suture a 
trifle shorter than dorsal. Dorsal plate tri- 
angular or quadrangular, snugly fitting, 
slightly overlapping adjacent side plates. 
Ventral plate separated from side plates 
laterally by narrow clefts. 

“Jaws” (actually merely supporting struc- 
tures) separated from proximal ends of arms 
by sutures. Tori (separating teeth and jaws) 
tiny, attached to adjacent members of 
paired jaws which touch at interambulacral 
margins, diverge at tips. One jaw measures 
0.42 mm. in length. Mouth-angle plates 
apparently fused to first ambulacrals. No 
teeth observed. 

Comparison.—This species is closely allied 
to the only other known species of the genus, 
Aganaster gregarius (Meek and Worthen), 
from the Keokuk beds of Crawfordsville, 
Indiana. It differs from A. gregarius in the 
consistently smaller diameter of the disc, in 
possessing longer jaws with straight inter- 
ambulacral margins, and in the absence of 
spines or spine bases on its side shields. In 
this last character the species resembles 
some European specimens from the ‘‘Cran- 
gopsis beds” of Fife which Spencer consid- 
ered too closely allied to the Keokuk forms 
to warrant separation. 

Types.—Holotype and paratypes on one 
piece of limestone, U. C. 48291; from lo- 
cality 24. 

Remarks.—The Pitkin specimens defi- 
nitely show the ventral plate to lie below 
and to be distinct from the vertebral ossicle. 
The presence of a ventral plate has not been 
definitely established heretofore in this 
genus, and it was thought that it might be 
absent and that the vertebral ossicle of each 
segment might be the structure seen. 

The material studied consists of 14 rela- 
tively complete individuals and many iso- 
lated sections of arms. The dorsal side is 
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exposed on only one specimen. This fact js 
important from an ecologic standpoint, for 
today many ophiuroids are burrowing forms 
which rest with the ventral side up and only 
have the tips of the arms extending out of 
the soft bottom deposits. Such a position as 
this would explain why the fossil Pitkin 
specimens almost invariably lack the tips 
of the arms, but are otherwise complete, 
with the ventral side commonly uppermost. 
These Pitkin ophiuroids may have been 
washed into their present location on the 
slab, but the evidence seems strong that 
they have weathered out of the rock in the 
position in which they died. 


Phylum MOLLUSCOIDEA 
Class BRYOzOA 
Group EcToprRocta 
Order GYMNOLAEMATA 
Suborder CyCLOSTOMATA 
Family FISTULIPORIDAE 
Genus FIstuLipora McCoy, 1849 
FISTULIPORA INTROSPINOSA Easton, n. sp. 


Plate 22, figures 1, 2 


Zoarium lobate, subramose, or with com- 
binations of these characters. Branches and 
lamellae from 1 mm. to 5 mm. broad. A 
colony may attain diameter of one foot or 
more. Surface with 11 subcircular apertures 
in 5 mm., no apparent interstitial tissue, 
maculae, or monticules. 

Tangential section.—Zooecia 0.3 to 0.5 
mm. in diameter, thick-walled, subcircular 
to angular, lunaria commonly obscure. 
Vesicles surrounding zooecia variable in 
size and distribution, commonly not visible 
except as broken line or lines. Portions of 
vesicle walls project into zooecia, giving 
latter pseudoseptate appearance. 

Longitudinal section.—Zooecia_ curving 
out from immature region, become rela- 
tively straight, meeting surface at about 
right angles. Diaphragms thin, unperfo- 
rated, slightly concave, slightly less than one 
tube diameter apart, occurring throughout 
length of the zooecia, about 5 in 1 mm. 
Zooecia thick-walled near surface. Vesi- 
cles irregularly placed about 1 to 3 between 
zooecia, with schlerenchymous deposit on 
upper surfaces. Walls of vesicles project 
notably into zooecia as short bars generally 
inclined distally. 

Comparison.—This species differs from 
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F. excelens Ulrich in having smaller vesicles 
and in possessing vesicular projections 
within the zooecia. This latter character 
also serves to distinguish it from other 
species of Fistulipora. The Pitkin material 
js not preserved well enough to display all 
surface details. 

Types—Holotype, U. C. 48197; para- 
type, U. C. 48198; all from locality 8. 


Genus CHILOTRYPA Ulrich, 1884 
CHILOTRYPA REGULARIS Easton, n. sp. 


Plate 22, figures 3, 4 


Zoarium ramose, branches bifurcating, 1 
to 2 mm. in diameter. Apertures oval, 5 in 
2mm., in definite oblique ranges and im- 
perfect longitudinal rows, with pronounced 
peristomes produced proximally into hoods. 
Interzooecial spaces depressed, smooth, oc- 
casional broader areas trending obliquely 
between zooecia. 

Transverse section.—Axial tube subcircu- 
lar, 0.41 mm. to 0.82 mm. in diameter. 
About 15 subequal trapezoidal axial zooecia 
radially surround axial tube, partly bord- 
ered outwards by larger irregularly shaped 
zooecia. First ring of trapezoidal zooecia 
may be absent in sections near proximal end 
of zoarium. About 11 large oval zooecia in 
last ring separated by vesicular tissue typi- 
cally filled with sclerenchyme near surface. 
Some of outer zooecia connected by small 
pores. 

Tangential section.—Zooecia oval, about 
0.18 mm. by 0.29 mm. in diameter, inter- 
spaces filled with small irregularly shaped 
vesicles in deep sections, by dense scler- 
enchyme in shallow sections. Zooecial walls 
most pronounced in shallow sections. 

Longitudinal section.—Axial tube inter- 
mittent because of contortions. Small and 
nearly parallel encircling zooecia commonly 
contain diaphragms at region of branching. 
Second circle of zooecia derived from first by 
budding from outer walls, diverging from 
axis at small angle, bent abruptly outward at 
at about half length, inclined about 60 de- 
grees at surface; diaphragms, one, rarely 
two, commonly absent. Zooecial walls quite 
thin axially, somewhat thicker midway to 
surface, very strong in mature region. 

Comparison.—This species differs from 
C. hispida Ulrich in having 5 zooecia in 2 
mm., rather than 8 or 9 in one-tenth inch 
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(2.54 mm.) C. hispida has 7 to 9 zooecia in 
the first circle surrounding the axial tube, 
whereas this species has about 11 such cells 
around a much larger axial tube. The zoo- 
ecial walls in tangential section do not become 
laminar distally in this species, although 
there is some reduction in thickness. 

Type.—Holotype, U. C. 47200; locality 
23. 


Genus MEEKoporRA Ulrich, 1890 
MEEKOPORA ABRUPTA Easton, n. sp. 
Plate 22, figures 5, 6 


Zoarium unilamellar, 2 mm. to 6 mm. 
thick. Zooecia circular with slightly raised 
rims, 10 or 11 in 5 mm. Monticules about 2 
mm. across, about 5 mm. between centers 
rising about 1.5 mm. above general surface. 
Epitheca very thin. Vesicular tissue increas- 
ing in area of monticules where zooecia are 
slightly larger. 

Tangential section—Typical zooecium 
measures 0.30 mm. in width, walls of rather 
thick sclerenchymous nature, measure 0.40 
mm. through. Lunarium obsolete. Vesicles 
rounded, generally in a single row separating 
adjacent zooecia, which are encircled by 
about 9 vesicles. Abnormally large zooecia 
apparently formed by fusion or coalescence 
of two normal zooecia. Vesicles in monti- 
cules smaller, less rounded, generally in two 
rows between adjacent zooecia. 

Longitudinal section—Lamella originat- 
ing from zooecia of unilamellar type, ex- 
panding in opposite direction from original 
growth, forming pseudobifoliate frond. 
Zooecia with 4 or fewer unperforated oc- 
casionally slightly concave diaphragms 
about one and one-half tube diameters 
apart, located near origins of zooecia. Vesi- 
cles arranged as somewhat parallel cres- 
centic lines 0.08 mm. high, about three 
times that width, generally covered with a 
thin sclerenchyme on upper surface. Zo- 
oecia originating parallel with epitheca, 
quickly turning upwards and proceeding to 
surface at constant angle. 

Comparison.—This species differs from 
M. eximia Ulrich in abrupt deflection of the 
zooecia from point of origin to surface, 
thicker zooecial walls, fewer diaphragms, 
larger zooecial apertures, and apparently a 
unilamellar structure. 

Types——Holotype, U. C. 48188; para- 
type, U. C. 48189; all from locality 15. 
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MEEKOPORA TENUIS Easton, n. sp. 
Plate 22, figures 7, 8 


Zoarium unilamellar, with zoarial char- 
acters similar to preceding species. 

Tangential section—Characters similar to 
preceding species, except that lunarium is 
better defined and vesicles within monti- 
cules are not numerous. 

Longitudinal section—Extremely thin 
diaphragms set at varying angles, and not 
restricted to the portions near origins of 
zooecia. Diaphragms may be slightly con- 
cave, about one tube diameter apart. Vesi- 
cles small, lack sclerenchymous layer except 
near surface of zoarium. Zooecia parallel 
surface of zoarium for only about one tube 
diameter, then turn to meet surface at about 
right angles. 

Comparison.—This species differs from 
M. abrupta, n. sp., chiefly in the thinner 
diaphragms, which are set throughout the 
tubes at angles oblique to the zooecial walls. 
Also, this species has smaller vesicles with 
the sclerenchyme layer present only near 
the zoarial surface. It differs from M. eximia 
Ulrich in the same way as M. abrupta, n. sp. 
The latter species could be derived from M. 
tenuis, n. sp. by thickening of the dia- 
phragms, increase in sclerenchyme within 
the vesicles, and more regular placement of 
the diaphragms. 

Type.—Holotype, U. C. 48190; locality 7. 


Suborder TREPOSTOMATA 
Family BATOSTOMELLIDAE 
Genus TABULIPORA Young, 1883 
TABULIPORA CESTRIENSIS (Ulrich) 


Remarks.—The Pitkin material makes it 
possible to add one important point to the 
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original description, namely, that the lam. 
inar portion of the zoarium merges into syb. 
cylindrical ramose portions of the zoariym 
15 mm. to 20 mm. in greatest diameter, 

Material.—Plesiotypes; U. C. 48183 from 
locality 7; 48184 from locality 17. 


TABULIPORA MICROFISTULATA 
Easton, n. sp. 
Plate 22, figures 9, 10 


Zoarium laminar at basal expansion, rising 
to ramose stems 1.5 cm. to 2 cm. in diame- 
ter. Zoarium about 15 cm. in longest dimen. 
sion, about 5 cm. wide and high. Surface 
details not visible. 

Tangential section.—Zooecia subcircular, 
about 0.23 mm. in diameter, about 12 
zooecia in 3 mm., combined width of thick 
adjacent walls 0.04 mm. to 0.08 mm. Acan- 
thopores small, irregularly arranged, at 
angles or between angles of zooecia; in the 
latter case almost invariably protruding 
into one or both adjacent zooecia. Adjacent 
zooecial walls separated by more or less well 
defined dividing line showing fundamental 
polygonal shape of zooecia. Walls locally 
speckled with numerous, scattered, minute, 
dark spots. Mesopores fairly common, ir- 
regular in outline, usually less than half as 
wide as zooecia. Perforations in diaphragms 
large, about one-half the diameter of the 
diaphragms. Lunaria not observed. 

Longitudinal section.—Zooecia inclined 
about 45 degrees to axis of stem, straight in 
immature region, curving outward in ma- 
ture region, becoming normal to surface. 
Walls very ragged, moniliform, swellings 
commonly coalesced throughout their ex- 
tent; broadly wrinkled in immature region; 


p. 
13-43 emtaieie male, n. sp. 11, calices, X1; 12, transverse sections, X2; 13, longitudinal 


section, X2; U. C. 48261, holotype. 


14-16—Caninostrotion variabilis, n. gen., n. sp. 14, calyx, X1; U. C. 47203, paratype. 15, longi- 
tudinal section, X2; U. C. 48272, ideotype; 16, late ephebic transverse section, X2; U. C. 


48367, holotype. 


EXPLANATION OF 


(p. 13 
9, 10 Pentremites n. sp. 9, view, 10, lateral view, X2; U. C. 48293, holo- 


(p. 135) 


(p. 134) 


| 
| 
Fics. 1, 2—Lonsdaleia minor, n. sp. ; a section, on 2, longitudinal section showing large 
: dissepiments, 6; U. C. 48256. holotype. (p. 135) 
3-7—Koninckophyllum talonatum, s. - 3, corallite, X 4, U. C. 48259, ideotype. 4, early ephebic 
transverse section, 2; 5, late ephebic transverse section, X2; 6, longitudinal section, X2; 
: 7, calyx, X2; U. C. 48257, holotype. (p. 129) 
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compactly wrinkled, much thicker in outer 
three-fourths of mature region. Diaphragms, 
perforated, 14 to 17, separated by one-half 
to one tube diameter in mature region, rims 
of perforations slightly thickened. 

Comparison.—This species differs from 
Tabulipora cestriensis Ulrich chiefly in the 
large ramose (as well as laminar) zoaria, the 
more ragged zooecial walls, and the larger 
acanthopores. R. S. Bassler, who compared 
this specimen with the holotype of T. meek- 
ana Ulrich, which it resembles most closely, 
reports that 


...the zooecia are thinner walled and of less 
diameter than in the type form. 


Type——Holotype, U. C. 48187; locality 8. 


TABULIPORA POCULOFORMIS 
Easton, n. sp. 
Plate 23, figures 1, 2 


Zoarium bilamellar, consisting of superim- 
posed layers 0.9 to 1.1 mm. thick, rather 
than of opposed lamellae with mesotheca. 
Surface with low monticules, 4 mm. between 
centers, about 2 mm. in diameter. Polygonal 
zooecia thickwalled, 13 to 14 in 5 mm. Other 
surface details not preserved. 

Tangential section.—Typical zooecium 0.3 
mm. wide; maximum combined width of ad- 
jacent walls 0.04 mm. Acanthopores rather 
large, forming swellings at and between the 
angles of zooecia. Adjacent zooecial walls 
separated by thin dividing line. Mesopores 
subcircular, fairly abundant, diameters 
about one-fourth those of the zooecia. Strong, 
geniculate, hooklike processes extending 
from walls into some zooecia may be vesti- 
gial lunaria. Perforations in the diaphragms 
large, diameters about one-third those of 
zooecia. 


5 Correspondence, April 29, 1940. 
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Longitudinal section.—Zooecia arising 
from very thin contorted epitheca at angle 
of about 30 degrees, evenly curved, becom- 
ing normal to surface, resembling elongate 
drinking cups. Zooecial walls rather con- 
torted, thickest near surface. Swellings in 
the mature portion of moniliform zooecial 
walls elongate, commonly ragged. Each zoo- 
ecium commonly with 5 or exceptionally 7 or 
8 perforated diaphragms, one-half tube diam- 
eter apart, with edges of perforations re- 
flexed or swollen, forming prominent termi- 
nations of diaphragms at perforations. Sut 
perimposed laminae separated by two or 
three rows of vesicles, each about half as 
wide as zooecia. 

Comparison.—This species differs from 

T. rudis Ulrich in the leaflike zoarium and 
the low monticules, and, according to R. S. 
Bassler, who kindly compared this species 
with the type of T. rudis, 
...in the slightly smaller zooecia, with thinner 
walls, with the beading of the walls less devel- 
oped and with the perforated diaphragms more 
crowded. 


The holotype may possibly be the basal ex- 
pansion of a zoarium. 
Type—Holotype, 48182; locality 8. 


TABULIPORA REFLEXA 
Easton, n. sp. 
Plate 23, figures 3, 4 


Zoarium ramose, rather regularly branched 
every 1.5 cm. to 2 cm., branches arising 
from encrusting conical base 2 cm. wide and 
5 mm. high. 

Tangential section ——Zooecial apertures 
subcircular, 0.2 mm. in diameter, 3 in space 
of 1 mm. Combined thickness of walls com- 
monly about 0.1 mm., but may be twice as 


* Correspondence, April 29, 1940. 


EXPLANATION OF PLATE 22 


Fics. 1, 2—Fistulipora introspinosa, n. sp. 1, longitudinal section, X20; 2, tangential section, X20; 


U. C. 48197, holotype. 


(p. 138) 


3, +—Chilotrypa regularis, n. sp. 3, longitudinal section, X20; 4, transverse section, X20; U. C 


47200, holotype. 


(p. 139) 


5, 6—Meekopora abrupta, n. sp. 5, longitudinal section, X20; 6, tangential section, X20; U. C. 


48188, holotype. 


(p. 139) 


7, 8—Meekopora tenuis, n. sp. 7, longitudinal section, X20; 8, tangential section, X20; U. C. 


48190, holotype. 


(p. 140) 


9, 10—Tabulipora microfistulata, n. sp. 9, longitudinal section, X20; 10, tangential section, X20; 


U. C. 48187, holotype. 


(p. 140) 


; 
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thick. Acanthopores large, with centrally lo- 

cated dark spots at most of interzooecial 
angles. As many as 4 similar dark spots com- 
monly situated in line separating adjacent 
zooecial walls. Mesopores rare, about half 
as wide as zooecia. 

Longitudinal section—Tubes in axial re- 
gion not moniliform, lacking diaphragms, 
rather straight walled, slightly inclined to- 
ward mature region, becoming crooked, 
sharply curved, meeting surface at right an- 
gles. Zooecia with 8 or 9 perforated dia- 
phragms less than one tube diameter apart. 
Zooecial walls moniliform, some of adjacent 
swellings fused, exceedingly thick and 
ragged. 

Comparison.—This species differs from 
T. carbonaria (Worthen) in the less massive 
branches, closer spacing of zooecial aper- 
tures, tubes bending more abruptly at the 
mature region, and much more moniliform 
walls. Weathering has obliterated details of 
the surface. 

Type.—Holotype, U.C. 48191; from local- 
ity 20. 


TABULIPORA SUBTILIS 
Easton, n. sp. 
Plate 23, figures 5, 6 


Zoarium ramose, stems ovate in cross-sec- 
tion, diameters of the paratype 8 mm. and 
5.5 mm. Monticules with slightly larger zoo- 
ecial apertures, very low, 3 to 4 mm. be- 
tween centers. Apertures polygonal but ir- 
regularly shaped, 21 or 22 in 5 mm. 

Tangential section—dZooecia very thick- 
walled, polygonal shape modified by scler- 
enchyme so that cross-sections are subcircu- 
lar. Diameters of zooecia from 0.15 to 0.30 
mm.; maximum combined width of adjacent 
walls 0.08 mm. which is about twice average 
thickness. Adjacent zooecial walls separated 
by strong dividing line. Acanthopores rather 
strong at or near angles, may extend short 
distance within zooecia. Dark spots on di- 
viding line between acanthopores, minute, 
sparse. Mesopores fairly common, variable 
in size, averaging about one-third as wide as 
zooecia. Diameter of perforations in dia- 
phragms about two-fifths zooecial diameter. 
No trace of lunaria observed. 

Longitudinal section.—Walls of the zoo- 
ecia broadly wrinkled in immature region. 
Zooecia curve away from axis of stem, great- 
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est curvature being at inner part of mature 
region. Zooecia thicker-walled in mature 
region, moniliform, commonly with one 
swelling between each set of diaphragms, 
Diaphragms 7 or 8, perforated with thick- 
ened rims, about one-half tube diameter 
apart. 

Comparison.—This species differs from T, 
ramosa Ulrich in the presence of 2 or 3 more 
diaphragms in each zooecium, and, as re- 
ported by R. S. Bassler,’ who kindly com- 
pared this specimen with the holotype of T. 
ramosa, it is 


. .. Similar to the type specimen, but the zooecia 
are decidedly smaller, thinner walled and with 
less developed acanthopores. 


Type.—Holotype, U.C. 48180; locality 7. 


Suborder CRYPTOSTOMATA 
Family FENESTELLIDAE 
Genus ARCHIMEDIPORA d’Orbigny, 1850 


Remarks——The name Archimedes was 
first published by Owen (1842, p. 19), who 
described it as 


. ..a very remarkable fossil coralline, resembling 
the Retepora of Lin., but verticillated spirally 
like a continuous screw; described by Lesueur 
under the appropriate name of Archimedes.* 


Owen added in the indicated footnote, 


I am not sure that Lesueur ever published his 
description of this fossil; . . . he considered it, I 
believe, a new genus; but it may be only a new 
species of Retepora; if so, most aptly entitled 
Retepora Archimedes. 


An accompanying sketch is entitled ‘‘Archi- 
medes, of Lesueur.” 

In 1852 Owen figured another specimen as 
Retepora Archimedes, concerning which he 
stated (Owen, 1852, pl. IV, figs. 1, 1a, and 
explanation), 


It has been known to Western geologists for 
many years under the name of Archimedes. 


Regarding his 1842 paper, he went on to say 
that 


. .. it seemed to be a species of Retepora coiled in 
the shape of a screw. 


From the above, it is evident that Archi- 
medes, as a genus, was not definitely pro- 
posed by Owen (nor by Owen for Lesueur) in 


5 Correspondence, April 29, 1940. 
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1842, because he was not certain of Le- 
sueur’s intentions regarding it, as exempli- 
fied by Owen’s statement “‘he considered it, 
I believe, a new genus; but it may be only a 
new species of Retepora.’’ Furthermore, he 
definitely referred to it as Retepora Archi- 
medes and his subsequent reference in the 
same paper to Archimedes must, therefore, 
be considered as a reference to the trivial 
name of R. archimedes Owen. Neither of 
these references constitutes a generic diag- 
nosis, and the labeling of his figure of 1842 as 
“Archimedes, of Lesueur’’ does not establish 
a new genus according to the International 
Rules of Zoological Nomenclature, but 
Owen, by illustrating and naming Retepora 
Archimedes, definitely made a new species 
available under the rules. 

In 1850, d’Orbigny (p. 102) erected the 
genus Archimedipora with the following di- 
agnosis: 

Cellules longues, placées aux angles saillants 
d'une spirale autour d’une tige allongée; 


as the only species under Archimedipora, 
d’Orbigny indicated 


Archimedes, d’Orb. Retepora Archimedes, Lesueur, 
1842. 


Here, then, is the definite naming of a new 
genus. D’Orbigny erred in referring the spe- 
cies A. archimedes to himself, as he quoted 
Owen for it. Lesueur’s name is better omit- 
ted from synonymies because he did not 
publish his findings, nor did he furnish the 
published description; it is merely demon- 
strated that he also discovered the fossils 
and his momen nudum was perpetuated. In 
1847 Yandell and Shumard mentioned the 
occurrence of Archimedes [sic] in their ‘‘Con- 
tributions to the Geology of Kentucky” (p. 
25), but gave no diagnosis, so this reference 
has no standing, either. 

Hall (1856, p. 177) pointed out that d’Or- 
bigny not only misunderstood the taxon- 
omy and morphology of Retepora Archi- 
medes Owen, but recorded it from the De- 
vonian; therefore, Hall contended that 
Archimedipora is not valid. Hall correctly 
reported the facts, but his contention is not 
in accordance with the International Rules 
of Zoological Nomenclature. 

The genotype of Archimedes was selected 
by Miller (1889, p. 292) as Archimedes wor- 
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theni Hall. Archimedes wortheni Hall is con- 
sidered to be synonymous with Retepora 
Archimedes Owen =Archimedes archimedes 
(Owen) = Archimedipora archimedes (Owen). 
Owen’s species clearly has priority, but the 
types are lost, in so far as the writer can 
determine, therefore, the writer designates 
as the neotypes of Archimedipora archimedes 
(Owen) the types of Archimedes wortheni 
Hall, which are in the American Museum of 
Natural History, type number 5058/1. 

The types of the genotype species thus re- 
main the same, but the genotype should be 
known as Archimedipora archimedes (Owen), 
which is the available name of the erstwhile 
Archimedes wortheni Hall. 

Undesirable as it may be, the setting aside 
of Archimedes as a valid genus seems to be 
the only course to follow, if the rules are to 
be followed strictly. Should the Interna- 
tional Commission on Zoological Nomen- 
clature desire to make an exception in this 
case, then Archimedes may be validated; but 
until that time the author believes it is in- 
valid. 

Several species of Archimedipora from the 
Pitkin have the supports termed by Hall 
(1858, pp. 651, 652, pl. 22, fig. 3) “oblique 
braces,” ‘‘props,”’ and “‘braces.”’ From Hall’s 
description and figure, the oblique braces, as 
they may well be termed, are represented as 
occurring only between flanges of spiral sup- 
ports. The specimens at hand have oblique 
braces extending away from the axis and 
passing through several fronds. Hall stated 
that the oblique braces are solid, whereas, at 
least some of the Pitkin specimens are hol- 
low. The oblique braces must certainly have 
served as means of support, as they are lo- 
cated at the region where currents would de- 
velop the greatest stress upon the frond. 

It is interesting that this genus also occurs 
in the Old World, as shown by Nikiforova 
(1938, p. 234), who points out that Stucken- 
berg discovered the genus in 1875 in the 
‘‘Mountain Limestone”’ of Timan. Nikifor- 
ova states that the genus occupies a some- 
what higher stratigraphic position in Russia 
than in North America, being abundant in 
the Upper and Middle Carboniferous of the 
U.S.S.R. 

Material.—Oblique braces are shown on 
U. C. numbers 48347-48351, inclusive (see 
pl. 23, fig. 13). 
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Genus Lyropora Hall, 1857 
LYROPORA SOLIDA Easton, n. sp. 
Plate 23, figures 7, 8 


Zoarium with apertures on concave side of 
frond. Base of support not preserved. Lat- 
eral supports thickened, forming periphery 
of zoarium which is reflexed in holotype to 
form deep horseshoe-shaped notch separat- 
ing lateral lobes. Thickened periphery every- 
where ornamented with lirations numerous, 
fine, anastomosing, irregularly directed, lo- 
cally extending onto 2 or 3 fenestrules of 
frond. Zoarium of holotype incomplete, at 
least 5 cm. high, 8 cm. broad. 

Zooecia 23 or 24 in 5 mm., in two slightly 
irregular ranges, except before origin of new 
branch, where 3 rows extend for about 5 
zooecia. Apertures subcircular, 0.08 mm. in 
diameter, with a peristome. Branches origi- 
nate by intercalation, possibly by lateral 
branching; no undoubted instance of bifur- 
cation observed. Dissepiments about 0.29 
mm. wide, 16 to 18 fenestrules in 1 cm. 
(measured across dissepiments). Branches 
about 0.21 mm. wide, 24 or 25 fenestrules in 
1 cm. (measured across branches). Fenes- 
trules suboval about 0.24 mm. wide, about 
0.27 mm. long, arranged in diagonal rows. 
Branches and dissepiments much thickened, 
especially at junctions, forming low nodes on 
reverse side; branches and dissepiments both 
marked near reverse surface in thin sections 
by striae. Hemisepta strong, occurring in al- 
most all zooecia, located well out on floor 
next to reverse side. Median keel on obverse 
surface nearly obsolete, line of sinuous, weak 
elongate nodes present. One to 3 pores 0.03 
to 0.04 mm. in diameter are located irregu- 
larly near the obverse surface on dissepi- 
ments; similar pores are rarely located on 
branches between apertures. 

Comparison.—This species combines cer- 
tain characters of several Chester species 
but is most similar to L. guincuncialis Hall, 
from which it differs chiefly in having zooecia 
twice as closely spaced. It is similar to L. 
ovalis Ulrich in having the apertures on the 
concave surface, but differs in having more 
than 10 fenestrules in 1 cm. The species can 
be distinguihsed from L. ranosculum Ulrich 
and L. subguadrans Hall by its two ranges of 
apertures on the branches, rather than more. 
Though similar to L. divergens Ulrich in pos- 
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sessing peristomes, this species differs jp 
having more than 12 or 13 fenestrules in 1 
cm. Details of the obverse surface were ob- 
served from thin sections, as that surface is 
buried in the matrix of the specimens stud- 
ied. 

Types.—Holotype, U. C. 47201; paratype, 
U. C. 47204; both from locality 37. 


Family CysToDICTYONIDAE 
Genus Dicuotrypa Ulrich, 1890 
DICHOTRYPA LEVIS Easton, n. sp. 

Plate 23, figures 9, 10 


Zoarium a broadly wrinkled bifoliate ex- 
pansion 1 to 2 mm. thick. Dimensions and 
zoarial margin unknown. Surface marked by 
strong, solid, elongate maculae, depressed, 
or with rim of slightly raised zooecia. Macu- 
lae smooth, about 1.7 to 1.8 mm. long, about 
0.8 mm. wide, centers separated 2 to 4 mm. 
measured across breadth, 4 to 5 mm. along 
length. Apertures usually irregularly spaced, 
locally occurring in diagonal rows, about 9 
or 10 apertures in 3 mm. spaced about their 
own diameter apart. 

Tangential section—Zooecia compressed- 
oval, about 0.12 mm. wide, about 0.17 mm. 
long, arranged with greatest dimensions 
roughly parallel. Lunaria poorly preserved 
or degenerate, commonly with one termina- 
tion forming short projection into zooecia. 
Interspaces granular in shallow sections 
with occasional vesicles faintly showing. 

Longitudinal section—Median lamina 
strong, rather straight, with a deposit of 
secondary material on both sides. Zooecia 
prostrate from origin to about one-third to 
one-half their length, then swinging abruptly 
toward surface; near surface recurved to- 
ward origin. Zooecial walls strongest near 
origins, later less well defined. Dissepiments 
one or possibly two, thin, may occur near 
abrupt change in direction of zooecia. Inter- 
spaces most vesicular near median lamina, 
with granular sclerenchyme distributed ir- 
regularly. Superior hemisepta, when pre- 
served, moderately strong. 

Comparison.—This species differs from D. 
elegans Ulrich in having more closely spaced 
irregularly arranged apertures and without 
either circular or substellate maculae. It dif- 
fers from D. flabellum Rominger in having 
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no substellate maculae, more closely spaced 
apertures and smooth maculae. 

Type-—Holotype, U.S.G.S. 5198 from lo- 
cality 1388 blue. 


Genus GLypTopora Ulrich, 1888 
GLYPTOPORA CRASSA Easton, n. sp. 
Plate 23, figures 11, 12 


Zoarium bifoliate expansions 1 to 2 mm. 
thick, forming cup-like structures by coales- 
cence; generally leaf-like, broadly wrinkled. 
Surface marked by depressed maculae or 
“dimples,” commonly widest near one end, 
arranged with long axes sub-parallel. Rows of 
about 6 slightly elevated zooecia line each 
side of the maculae, may form horse-shoe- 
shaped rows of about 13 zooecia almost en- 
circling maculae. Maculae 2 to 3 mm. long, 1 
to 1.5 mm. wide, irregularly spaced, about 5 
mm. between centers in direction of long 
axes, somewhat closer in other direction. 
Zooecia reniform, in diagonal rows, 13 aper- 
tures in 5 mm. 

Tangential section.—Zooecia rather thick- 
walled, 0.20 mm. in average diameter. Lu- 
naria fairly distinct in shallow sections, 
showing as two small angular extensions of 
slight swelling always located on same side 
of zooecia. Vesicles small, irregular, gener- 
ally in 2 or more rows between zooecia. 
Maculae appear as undifferentiated ma- 
terial. 

Longitudinal section.—Zooecia prostrate 
upon mesotheca, turn up sharply, reach sur- 
face at nearly right angles. Hemisepta and 
diaphragms 1 or 2, near origins of some zoo- 
ecia. Vesicles small, irregularly placed. 
Mesotheca thin, covered on both sides with 
sclerenchyme. Row of very large semicircu- 
lar vesicles adjacent to mesotheca, contains 
1 to 4 sharp-pointed extensions from meso- 
thecal sclerenchyme. Many large vesicles 
thicken and strengthen region in angles be- 
tween ramifications of zooecial expansions. 
Maculae formed of closely packed vesicles 
with one row of larger vesicles next to meso- 
theca. 

Comparison.—This species differs from 
G. keyserlingi Prout in having thicker fronds, 
smaller and unstriated maculae, and slightly 
larger zooecial apertures. 

Types.—Holotype, U. C. 48199; paratype, 
U. C. 48200; both from locality 6, 
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Class BRACHIOPODA 
Subclass INARTICULATA 
Order NEOTREMATA 
Family CRANIIDAE 
Genus CRANIA Retzius, 1781 
CRANIA INFIMBRIATA Easton, n. sp. 
Plate 24, figure 11 


Shell subcircular, length of holotype 1.3 
cm. Most specimens measure about 1 cm. 
across. 

Pedicle valve attached, also possibly free. 
Interior not observed. 

Brachial valve, commonly very low, coni- 
cal or almost flat, may be convex in seem- 
ingly unattached specimens. Apex excen- 
trically located, either depressed or acutely 
erect. Margin of valve overlaps pedicle 
valve, outline lobate in some specimens. 
Greatest depth of holotype about 2 mm. at 
apex. In specimen attached to exterior of a 
Spirifer, shell assumes general contour of 
latter, but its costae are not reflected. Sur- 
faces of some specimens bear irregular, usu- 
ally rugose, concentric growth marks most 
commonly near margin. Interior of one 
valve exposed, but not preserved sufficiently 
well to permit description of muscle scars. 

Comparison.—This species is variable but 
can be distinguished readily from the only 
other described Chester species, Crania 
chesterensis Miller and Gurley, by the ab- 
sence of the pronounced thickened marginal 
lip of the brachial valve. It differs from other 
species of Crania either in the absence of ra- 
diating costae or in the presence of coarse 
concentric markings. 

Types——Holotype, U.S.G.S. 5199; para- 
types, U.S.G.S. 5200; all from locality 1388 
blue. 


Subclass ARTICULATA 
Order PROTREMATA 
Family STROPHOMENIDAE 
Genus ORTHOTETES Fischer, 1830 
ORTHOTETES SUSPECTUM (Girty) 
Streptorhynchus suspectum Girty, 1929, Jour. 


Washington Acad. Sci., vol. 19, no. 7, p. 136, 
figs. 12-15. 


Remarks.—The presence of a well-defined 
median septum in the pedicle valve of this 
species reveals, that it is an Orthotetes. There 
is evidence that Girty discovered this fact 
subsequent to his original description. 
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WILLIAM 


ORTHOTETES KASKASKIENSIS 
McChesney var. 


Orthotetes kaskaskiensis WELLER, 1914, Illinois 
Geol. Survey, Monograph 1, p. 77, pl. 6, fig. 15. 


Remarks.—Stuart Weller figured a speci- 
men of Orthotetes kaskaskiensis which differs 
from the typical specimens in that there are 
4 fine costae between larger costae. A frag- 
ment of such a shell is in the Pitkin collec- 
tions and compares precisely with the speci- 
men Weller figured in every feature except 
size. It may be that this is a consistent varia- 
tion, or perhaps it is merely an environmental 
variation. In modern oceans, shells of the 
pelecypod Pecten become coarsely ribbed 
when the animal lives in agitated water, 
whereas the same species may be smooth or 
nearly so in quieter water. Here then, may 
be an index to the ecology of the sea in which 
this species lived, for the specimen from the 
Pitkin came from a shaly limestone, rather 
than the dominant limestone phase. Other 
Pitkin specimens of the same species col- 
lected from the pure limestone strata have 
costae of equal strength. 

Material.—U.C. 48329; locality 25. 


Family PRODUCTIDAE 
Genus CHONETES Fischer, 1837 
CHONETES TUMESCENS Easton, n. sp. 
Plate 24, figures 1-5 


Shell concavo-convex to biconvex, curva- 
ture quite variable, length about two-thirds 
width, greatest width midway between car- 
dinal area and anterior margin. Cardinal ex- 
tremities angular, only slightly concave in 
front of cardinal extremities, rather evenly 
convex curvature continuing around ante- 
rior margin, although somewhat straightened 
in some specimens. Median sinus obsolete. 


DIMENSIONS OF CHONETES TUMESCENS 


H. EASTON 


Pedicle valve flatly convex, greatest con. 
vexity just posterior to middle, surface cury. 
ing abruptly anterior to middle, sloping 
flatly from beak to cardinal extremities, 
Beak minute, definitely extended beyond 
cardinal margin, marked by two short fine 
costae. Cardinal area flat, straight, longi- 
tudinally striated, tilted outwards some. 
what, forming angle of about 100 degrees 
with surface of valve. Eight (in some cases, 
7) hollow spines directed outwardly and lat. 
erally from each side of beak. Edges of 
delthyrium form angle of about 90 degrees; 
deltidium outwardly produced hood-like 
structure. Inner surface valve finely papil- 
lose bordering muscle scars, marginally 
more coarsely marked; short median septum 
separates muscle scars. 

Brachial valve moderately concave to 
slightly convex, sloping to cardinal extremi- 
ties. Cardinal area flat, longitudinally 
striated, about as wide as that of opposite 
valve, the two forming an angle of about 170 
degrees. Cardinal process nearly filling del- 
thyrium of opposite valve, bearing 6, coarse, 
radially arranged costae, median pair strong- 
est. Cardinal process surmounted ventrally 
by 2 squat lobes, anteriorly by 2 very 
small swellings; very heavy rounded ridge 
extends laterally from each side of the cardi- 
nal process about one and one-half times 
width of cardinal process, forms angle of 
about 30 degrees with margin of cardinal 

area. Pair of delicate ridges with ventral ex- 
tremities directed medianly diverge an- 
teriorly from cardinal process at angle of 
about 55 degrees extend distance equal to 
width of cardinal process. Low median ridge 
extends directly anteriorly 3 times width of 
cardinal process. Interior of the valve finely 
papillose, except at muscle scars where it is 
smooth. 


Length of valves 


Width of valves 


Greatest : 
Convexity 
Brachial | Pedicle | Brachial | Pedicle Width 
Holotype 11.0 mm. 11.2 mm. 13.9 mm. 14.2 mm. 15.1 mm 2.4mm 
Paratype 1 12.4 12.7 15.0 15.6 16.9 — 
Paratype 2 11.6 16.0 16.2 17.8 
Paratype 3 10.9 15.0 2.4 
Paratype 4 41.5 1268 15.9 16.3 16.6 2.2 
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Surfaces of both valves marked by fine 
radiating lirae developed either by bifurca- 
tion or intercalation, about 150 around mar- 
gin of shell, 5 to 8 in 1 mm., finest posterior- 
ly, wider than intervening furrows, absent 
only in long narrow triangular region on 
each side of beak and bordering cardinal 
area. Concentric growth lines well devel- 
oped. Pits between lirae and growth lines 
about 4 in 1 mm., more or less regularly ar- 
ranged. 

Comparison.—This species is closely allied 
to Chonetes chesterensis Weller, but differs in 
having a less concave brachial valve, more 
spines on each side of beak, cardinal areas of 
about the same width on each valve, and it 
commonly attains larger size. It differs from 
C. oklahomensis Snider in having flatly slop- 
ing rather than recurved auricular extremi- 
ties, a less concave brachial valve and a 
straight cardinal area that is flat rather than 
arcuate. 

Types.—Holotype, U.C. 48296; paratype, 
U.C. 48297; both from locality 30. 


Genus ECHINOCONCHUS Weller, 1914 
ECHINOCONCHUS ? sp. 


Remarks.—A small productid of unusual 
nature is tentatively referred to this genus at 
the suggestion of A. H. Sutton. The width of 
the shell is three-quarters the greatest 
length and the convexity is about half the 
greatest length. Concentric markings are re- 
stricted to the anterior portion of the shell 
and each band has more than one row of 
spinules. Although these characters are typi- 
cal of Echinoconchus, the bands do not begin 
near the beak, the proportions of the shell 
are different, and the beak is more recurved 
than in that genus. 

Material.—U.C. 48254; locality 25. 


Genus Krotovia Fredericks, 1928 
KROTOVIA LUCERNA Easton, n. sp. 
Plate 24, figures 6-8 


Shell broadly convex, flattened um- 
bonally, evenly sloping to anterior margin, 
very steeply sloping to ears. Beak sharply 
rounded, recurved, extending 3 mm. beyond 
hinge line. Two specimens measure: lengths, 
15.5 mm. and 12.5 mm.; widths, 14.3 mm. 
and 14.0 mm.; convexities, 6.5 mm. and 6.5 
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mm.; lengths of hinges, 12.0 mm. (restored) 
and 9.3 mm. 

Pedicle valve of holotype small, sub- 
hemispherical, about as long as wide, one- 
fourth as high as long. Hinge line about three- 
quarters length of shell. Ears small, recurved 
ventrally, marked off by a sharp sulcus on 
each lateral slope. Cardinal extremities 
slightly anteriorly directed, rounded. Lat- 
eral margins evenly curved, not separated 
from anterior margin by differences in radii 
of curvatures except near hinge line where 
curvature is more abrupt. Highest point of 
curvature of ventral surface of shell just 
anterior of midlength. Median sinus faint 
or absent. Interior not seen. 

Brachial valve not definitely identified. 

Surface ornamented by numerous fine, 
subequal spinules reflexed upon surface, cov- 
ering entire valve, somewhat finer on beak 
than elsewhere. On anterior slope spinules 
somewhat longitudinally arranged. Varices 
of growth few, irregularly spaced closest on 
lateral slopes and ears. 

Comparison.—This species differs from K. 
meeki Dunbar and Condra in the smaller 
size, more pointed and narrower umbonal 
area, and more elongate spinules. It differs 
from Pustula echinata Moore in the larger 
spinules, more elongate umbo, and lower 
convexity. 

Types.—Holotype, U.C. 48253 from local- 
ity 29; ideotype U.C. 48255 from locality 
15; ideotype U.C. 48342 from locality 42. 

Remarks.—According to A. H. Sutton® P. 
echinata should be referred to Krotovia. If so, 
K. lucerna is the second species of the genus 
reported from the Mississippian of this 
country, and the third from our Carbonifer- 
ous. 


Genus Propuctus Sowerby, 1812 
PRODUCTUS CESTRIENSIS Worthen 
Productus elegans NORWOOD AND PRATTEN, 1855, 

Acad. Nat. Sci. Philadelphia, Jour. Ser. 2, vol. 
3, p. 3, pl. 1, figs. 7a—c. Not Productus elegans 
McCoy, 1844. 
Productus cestriensis WORTHEN, 1860, St. Louis 
Acad. Sci., Trans., vol. 1, pp. 570, 571. 
Productus elegans, SUTTON, 1938, Jour. Paleon- 
— vol. 12, no. 6, pp. 599, 567, pl. 64, figs. 


Remarks.—The above selected synonymy 
lists the first reference to the species, the 


* Correspondence, April 15, 1940. 
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reference to the available name, and the lat- 
est reference (which contains a long synon- 
ymy). Worthen found Productus elegans 
Norwood and Pratten to be a homonym of 
Producta elegans M’Coy, 1844, (‘‘Leptaena 
elegans”’ on plate), and selected the name P. 
cestriensis to replace it. Most subsequent 
workers have disregarded Worthen’s action, 
as well as Articles 35 and 36 of the Interna- 
tional Rules of Zoological Nomenclature. 
The fact that the species was once referred 
to Diaphragmus has no bearing on the case. 


Genus Linopropuctus Chao, 1927 
LINOPRODUCTUS PILEIFORMIS (McChesney) 


Productus ovatus HALL, 1858, Geol. Iowa, vol. 1, 
t. 2, p. 674, pl. 24, fig. 1. Not Productus ovatus 
ANDER 1830. 

Productus pileiformis McCuEsNey, 1859, De- 

scriptions New Paleozoic Fossils, p. 40. 
Linoproductus ovatus, Sutton, 1938, Jour. 

Paleontology, vol. 12, no. 6, p. 558, pl. 65, 

figs. 8-13. 

Remarks.—This case of a rejected homo- 
nym is similar to the last, the name being 
preoccupied by P. ovatus of Pander (1830, 
p. 86, pl. 27, figs. 13a, b). It is noted in an 
unfinished manuscript by G. H. Girty. 


Order TELOTREMATA 
Family SPIRIFERIDAE 
Genus SYRINGOTHYRIS Winchell, 1863 
SYRINGOTHYRIS AEQUALIS Easton, n. sp. 
Plate 24, figures 12-14 


Shell large, half again as wide as_ long, 
greatest width of brachial valve between 
cardinal extremities 5 cm. in one specimen, 
greatest length medially 2.7 cm. Length of 


WILLIAM H. EASTON 


pedicle valve of holotype 23 mm. from beak 
to anterior margin; height of cardinal area 
17.5 mm.; width of cardinal area 38 mm,: 
width of delthyrium at base 12 mm.; width 
of anterior portion of sinus about 10 or 11 
mm. 

Pedicle valve sharply pyramidal, anterior 
slope somewhat convex near beak but nearly 
straight for last three-quarters of length; 
lateral slopes slightly concave from umbo to 
cardinal extremities. Median sinus broad, 
shallow, without plications, originating as 
sharp depression at beak, extending about 
2.5 mm. beyond anterior margins of sides, 
Cardinal area very high, inclined almost 90 
degrees to the plane of valves, marked by 
broad but strong concentric markings paral- 
lel to hinge line; depth of curvature along 
lateral slopes about 1 mm. in 25 mm. Beak 
slightly produced posteriorly. Lateral mar- 
gins 12 or 13 mm. wide at hinge line. Del- 
thyrium two-thirds as wide as high; del- 
thyrial plate depressed 1.5 to 2 mm. below 
cardinal area, bordered by groove extending 
full length of the delthyrium; delthyrial 
plate sharply concave on each side of very 
strong external median rib which extends 
nearly 9 mm. down from beak. Dental lamel- 
lae not observed. 

Brachial valve with broad, low, unplicate 
fold originating at recurved beak; fold high- 
est at anterior end, producing emargination, 
Greatest depth of valve posterior to mid- 
length. Greatest convexity along median 
portion near hinge line, flatter toward car- 
dinal extremities. Angle between hinge line 
and lateral margins nearly 90 degrees. Mus- 
cle scars divided by median septum showing 


EXPLANATION OF PLATE 23 


Fics. 1, 2—Tabulipora poculoformis, n. sp. 1, longitudinal section, X20; 2, tangential section, X20; 


U. C. 48182, holotype. 


(p. 141) 


-_ 4—Tabulipora reflexa, n. sp. 3, tangential section, X20; 4, longitudinal section, X20; U. C. 


48191, holotype. (p. 141) 
$, 6—Tabulipora subtilis, n. sp. 5, longitudinal section, X20; 6, tangential section, X20; U.C. 
48180, holotype. (p. 142) 


Me 8—Lyropora solida, n. sp. 7, vertical section through one side of branch, showing hemisepta, 
X20; U. C. 47201, holotype. 8, reverse side of part of frond showing minute wrinkles on 
solid border, X10; U. C. 47204, paratype. (p. 144) 

9, 10—Dichotrypa levis, n. sp. 9, longitudinal section, X20; 10, shallow tangential section showing 
dense sclerenchyme, X20; U.S.G.S. 5198, holotype. p. 144) 

11, 12—Glyptopora crassa, n. sp. 11, longitudinal section, X20; 12, tangential — = 
U. C. 48199, ng 145) 

13—Archimedipora sp., showing oblique braces, X1; U. C. 48347. S 143) 
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through shell substance for two-thirds of 
length of valve. 

Surface of pedicle valve with 21 to 23 un- 
branching plications on lateral slopes; plica- 
tions increasingly rugged anteriorally, paral- 
lel to sinus, laterally inclined, becoming 
nearly parallel to cardinal margin; stronger 
plications originate near beak, progressively 
weaker plications originate along cardinal 
margins. Broad concentric markings pres- 
ent. Lateral margins plicate on brachial as 
on pedicle valve, but concentric markings 
somewhat stronger. 

The pedicle valve of a very young speci- 
men shows quite rounded cardinal margins, 
aslightly concave cardinal area, an incurved 
beak, a well developed slightly produced 
sinus with re-entrant angles on each side at 
the junction with the lateral margins, 10 pli- 
cations, and rounded lateral cardinal areas. 
This valve is 8.5 mm. wide, 5 mm. long, and 
the cardinal area is 3.7 mm. high. 

Comparison.—This species can be distin- 
guished from S. hannibalensis (Swallow) by 
, the shallower and less produced sinus. It dif- 

fers from S. newarkensis Weller by the width 
of each cardinal margin being nearly equal 
to the width of the delthyrium. In one large 
crushed specimen the height of the cardinal 
area is 30 mm. and the greatest width of the 
delthyrium is 20 mm. 

Types.—Holotype, U.S.G.S. 5201; para- 


FAUNA OF THE PITKIN FORMATION OF ARKANSAS 


149 


types, U.S.G.S. 5202; all from locality 1379 
blue. 


Phylum MOoL.usca 
Class PELECYPODA 
Order PRIONODESMACEA 
Family AVICULOPECTINIDAE 
Genus AVICULOPECTEN McCoy, 
1851, emend. Newell, 1937 
AVICULOPECTEN BATESVILLENSIS 
Weller 


Aviculopecten batesvillensis WELLER, 1897, Trans., 
New York Acad. Sci., vol. 16, p. 263, pl. 19, 
figs. 3, 4. 

Aviculopecten batesvillensis, WELLER, 1898, U. S. 
Geol. Surv. Bull., 153, p. 107. 

Deltopecten batesvillensis, Girty, 1911, U. S. Geol. 
Surv., Bull. 439, p. 89, pl. 11, figs. i-4 

Deltopecten batesvillensis, 1915, Okla- 
homa Geol. Survey, Bull. 24, pp. 42, 108, 
chart facing p. 66. 

Deltopecten batesvillensis?, GiRTY in REGER, 1926, 
West Virginia Geol. Survey y, p. 8 

Deltopecten batesvillensis, Rotn, 1929, Oklahoma 
Geol. Survey,Circ. 18, chart facing p. 16. 

Deltopecten batesvillensis, CRONEIS, 1930, Ar- 
kansas Geol. Survey, Bull. 3, pp. 54, 55, 62-64, 
71, 75, pl. 13, fig. 20, pl. 15, fig. 13. 

Deltopecten batesvillensis, MORSE, 1930, Missis- 
sippi Geol. Survey, Bull. 23, pp. 170, 184. 


Remarks.—Newell (1937, p. 64) has shown 
that the characters separating Deltopecten 
from Aviculopecten do not exist in most 
Carboniferous forms, and that the former 
genus is confined to the Middle and Upper 


EXPLANATION OF PLATE 24 


Fics. 1-5—Chonetes tumescens, n. sp. 1, exterior of pedicle valve, X2; 2, interior of pedicle valve, X2; 
3, interior of brachial valve, ‘x2: 4, exterior of brachial valve, X2.5, posterior view of shell, 


x2. Figs. 1, 4, 5, U. C. 48296, holotype; figs. 2, 3, U. C. 48297, paratype. 


(p. 146) 


6-8—Krotania lucerna, n. sp. 6, lateral view of pedicle valve, X2; U.C. 48342, ideotype; 7, pos- 
terior view of pedicle valve, X2; 8, dorsal view of pedicle valve, x2; U. c. 48253, , holotype, 


p 
9, 10—Aganaster cingulatus, n. - 9, dorsal view, X6, paratype; 0, ventral view, X6, nes 


all on one slab, U. C. 4829 


1i—Crania infimbriata, n. sp. Brachial valve, X2; U.S. G. S. 5199, holotype. 
. 12, posterior view of pedicle valve, X1; 13, anterior view 
. 5201, holotype. 14, ventral view of brachial valve, X1; 


12-14—Syringothyris aequalis, n. s 
of pedicle valve, X1; U.S.G. 
U.S.G.S. 5202, paraty 


15—Paladin mucronatus (Gir rty). Carapace, X1, U. C. 48313. 
16—Eoastanites globosus, n. sp. Adoral view, x2, U. C. 48192, holotype. (p. 
ical view, X5; 18, lateral view, X5; U.S.G.S. 5203, 


two whorls showing color markings, X5; U.S.G. S. 


17-19—Mourlonta angylata, n. s 
holotype. 19, lateral view o part o 
5204, paratype. 


ap! 


(p. 137) 
(p. 145) 


p. 150) 


20, 21—~-Strepereias triliris, n. sp. 20, apical view, X2; 21, lateral view, X2; U. C. 48304, ‘holo- 


22—Baphemites incarinatus, n. sp. Lateral view, X2; U. C. 48325, holotype. 
23—Helcionopsis? reticulatus, n. sp. Exterior, X1; U. C. 47202, holotype. 


(p. 151) 
(p. 150) 
(p. 150) 


globose in ephebic stages; dimensions of two 
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Permian of the Eastern Hemisphere. This 
species must, therefore, be returned to its 
original genus. 


Class GASTROPODA 
Subclass STREPTONEURA 
Order ASPIDOBRANCHIA 
Suborder DocoGLossa 
Family PALAEACMAEIDAE 
Genus HELc1onopsis Ulrich and 
Scofield, 1897 
HELCIONOPSIS? RETICULATUS Easton, n. sp. 
Plate 24, figure 23 


Shell subcircular, patelliform, anterior 
end truncated slightly obliquely to greatest 
(anterior-posterior) diameter. Shell broken 
away from beak of monotype, but internal 
cast approximately determines shell margin 
at produced beak. Beak located to one side 
of center line. Surface ornamented by two 
sets of obliquely intersecting markings form- 
ing reticulated pattern; numerous closely 
spaced fine costae near center line have 
coarser counterparts more widely spaced on 
lateral slope toward which beak is deflected 
(coarser markings may have counterparts on 
other slope, but they are not apparent). Sec- 
ond set of markings, nearly equally spaced, 
subparallel, intersect the costae obliquely, 
cross shell from anterior-lateral margin to 
opposite or posteriolateral margin toward 
which beak is deflected. Internal structure 
unknown. Dimensions: greatest length 26 
mm., greatest breadth, 24 mm., greatest 
depth midway posteriorly from beak 7.5 
mm. 

Comparison—The unique  sculpturing 
alone is sufficient to differentiate this species 
from described species of either Helcionopsis 
or Triblidium. Although this species may 
represent a new genus, the nature of the 
muscle scars cannot be determined from the 
material at hand. 

Type.—Holotype, U.C. 47202; locality 
37. 


Family BELLEROPHONTIDAE 
Genus EuUPHEMITES Warthin, 1930 
EUPHEMITES INCARINATUS 
Easton, n. sp. 

Plate 24, figure 22 


Shell small, involute, discoidal to sub- 
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specimens greatest diameters, 8.2 mm. and 
4.9 mm.; greatest widths of body whorls, 8,9 
mm. and 5.2 mm. Aperture reniform, width 
twice length (in the plane of coiling). No 
prominent geniculation present in shell cur. 
vature. Body whorl recurved near umbilical 
regions, somewhat flared, not revolving, 
Whorl section acutely lunate posteriorly 
from aperture. Inner lip seemingly formed 
by surface of preceding whorl in most cases, 
without callosity; rare instances of seeming 
callosities may be result of mineralization, 
Umbilical regions not excavated, partly en- 
closed by recurved lateral extremities of 
body whorl. Surface finely but sharply lirate, 
about 40 principal lirae with much finer in- 
tercalated lirae near edge of aperture; faint 
transverse growth lines intersect lirae, effect 
reticulate pattern with concave interstices; 
fine details most pronounced on the body 
whorl, which is commonly broken away. 
About 30 lirations, strongest near plane of 
coiling, comprise ornamentation of next-to- 
last whorl. No slit observed, shell not cari- 
nate where the slit-band should be located. 

Comparisons.—This species differs from 
E. nodocarinatus (Hall) and E. inspeciosus 
(White) in the smaller size, more discoidal 
shape, noncarinate volutions, nearly cen- 
trally located umbilicus, and deeply-im- 
pressed lunate whorl-section. There is con- 
siderable variation in shell shapes, but these 
comprise a series, rather than different spe- 
cies. 

Types.—Holotype, U.C. 48325; para- 
types, U.C. 48326; all from locality 35. 


Suborder RHIPIDOGLOSSA 
Family PLEUROTOMARIIDAE 
Genus Mour.onia Koninck, 1883 
MOuURLONIA ANGULATA Easton, n. sp. 
Plate 24, figures 17-19 


Shell small, turbiniform; spire straight- 
sided. Whorl profile above selenizone broadly 
convex. Selenizone slightly concave bounded 
by costae. Whorl profile below selenizone 


very sharply rounded above, broadly convex . 


below, rather sharply rounded at umbilical 
shoulders. Nucleus apparently unorna- 
mented. Surface covered with well-defined 
oblique costae, about 8 in 1.0 mm., above se- 
lenizone slightly convex forward, below 
selenizone passing backward less obliquely, 
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swinging forward slightly to umbilical shoul- 
ders where reversal begins; thus, costae ex- 
ternal to umbilical shoulder and below selen- 
jzone are convex backward but at smaller 
angle than above. Lunulae not clearly ob- 
served. Very fine revolving lirae present be- 
tween selenizone and umbilical shoulders. 
Exceptionally, even finer lirae are preserved 
between selenizone and suture. Dark zig-zag 
color markings between suture and seleni- 
zone, directed backward more obliquely 
than costae, possess 2 sharply V-shaped 
backward angles in middle; repeated about 
every third or fourth costa; at periphery of 
whorl pass into irregular splotches. 


A B 

Number of whorls 4.5 4 
Height 4.0 2.6 
Width 235. 3.2 
Ratio of height to width oo 61 
Ratio of height of body whorl to 

total height 1.82 1.86 
Pleural angle 68° 7° 


Comparison.—This species differs from 
M. minuta Weller chiefly in having a gener- 
ally angular, rather than a rounded whorl 
profile, and in having ornamentation upon 
the portion of the whorl between the suture 
and selenizone. 

Types.—Holotype, U.S.G.S. 5203, local- 
ity 1388 blue; paratype, U.S.G.S. 5204, lo- 
cality 1388 blue; ideotypes, U.S.G.S. 5205, 
locality 1389 blue. 

Remarks—The holotype (A above) is 
nearly anomphalous, therefore, is about ma- 
ture, as Knight (1941, p. 201) has pointed 
out that the members of this genus are 
phaneromphalous in the young stages but 
become anomphalous at the beginning of the 
mature stage. The measured paratype (B 
above) is juvenile, whereas, the two other 
paratypes, though mature, are incomplete. 


Family EUOMPHALIDAE 
Genus STRAPAROLUS Montfort, 1810 
STRAPAROLUS TRILIRIS Easton, n. sp. 

Plate 24, figures 20, 21 


Shell subturbinate, portion of apex includ- 
ing only nucleus depressed, four and one- 
half whorls present. Greatest diameter, 12.5 
mm.; height, 7 mm.; width of aperture, 3.3 
mm.; height, 4.0 mm. Nucleus rounded, un- 
ornamented; later whorls angular at upper 
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shoulder, slightly nodose at aperture. Upper 
portion of body whorl flattened from suture 
to shoulder; lateral slope almost vertical, 
concave band present just below angulation 
of shoulder, whorl expanding laterally be- 
low; under surface of whorl evenly rounded. 
Umbilicus broad, probably steep-walled and 
deep, partially filled in holotype. Surface 
ornamented chiefly by transverse axial lirae, 
very slightly inclined posteriorly on body 
whorl; on spire less well defined, nearly 
transverse. Three ill-defined revolving ridges 
present on upper surface of body whorl 
within 2 mm. of aperture, apparently ter- 
minating in nodes. 

Comparison.—This species differs from S. 
umbilicatus (Meek and Worthen) in the less 
depressed spire, the flatness of upper surface 
of lower whorls which extends farther later- 
ally, and the vertical slopes of the whorls. It 
can be distinguished from many species of 
Straparolus by its turbinate form. 

Type.—Holotype, U.C. 40304; locality 5. 


Class CEPHALOPODA 
Order NAUTILOIDEA 
Suborder CyRTOCHOANITES 
Genus DOLoRTHOCERAS Miller, 1931 
DOLORTHOCERAS ? EUREKENSIS (Walcott) 

Orthoceras Eurekensis Watcott, 1884, U. S. 
Geol. Survey, Mon. 8, p. 265, pl. 23, figs. 2, 2a. 

Orthoceras eurekensis?, WELLER, 1897, Trans., 
New York Acad. Sci., vol. 16, p. 270, pl. 20, 
figs. 3, 3a. 

Orthoceras eurekensis, WELLER, 1898, U. S. Geol. 
Survey, Bull. 153, p. 395. 

Orthoceras eurekensis, SNIDER, 1915, Oklahoma 
Geol. Survey, Bull. 24, pp. 34, 39, 43, 118, 119, 
chart opp. p. 66. 

Orthoceras eurekensis, Rotu, 1929, Oklahoma 
Geol. Survey, Circ. 18, chart facing p. 16. 

Orthoreras eurekensis, CRONEIS, 1930, Arkansas 
Geol. Survey, Bull. 3, pp. 64, 76. 
Remarks.—The orthoceraconic cephalo- 

pods from the Pitkin are provisionally 

placed in Dolorthoceras, except for those with 
the annulations characteristic of Cycloceras, 
and for one representative of Mooreoceras 

identified by Moore (1940, p. 415). 


Suborder ORTHOCHOANITES 
Genus CoLocerRAs Hyatt, 1893 
COLOCERAS sp. 


Remarks.—Snider referred two specimens 
to Leuroceras, which, together with an addi- 
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tional specimen, the writer is referring to 
Coloceras sp. at the suggestion of A. K. Mil- 
ler.’ Leuroceras can be distinguished from 
Coloceras by the sinuous sutures in the 
former genus and the nearly straight sutures 
in the latter. . 


Order AMMONOIDEA 
Suborder ExTRASIPHONATA 
Genus EOASIANITES RuZencev, 1933 
EOASIANITES GLOBOsUS Easton, n. sp. 
Plate 24, figure 16 


Conch subglobular, maximum diameter of 
phragmacone at least 18 mm.; height of last 
whorl 7.8 mm.; width of umbilicus about 8 
mm.; width of last whorl about 20 mm.; im- 
pressed zone 2.8 mm. deep. Whorls rather 
depressed dorsoventrally, ventral surface 
evenly rounded, nearly hemispherical in 
cross section. Umbilical slopes sharply 
rounded, diameter of umbilicus slightly less 
than half the greatest dimension of phrag- 
macone. In reniform aperture is small cen- 
tral sinus, small lateral crest, another small 
sinus, finally large crest at umbilical slope. 
Shape of aperture cannot be determined in 
detail because of lack of growth lines. 


| | 


Fic. 1i—Diagrammatic representation of a 
suture of Eoasianites globosus, n. sp., X3.5. 


Test thin, unornamented. Internal mold 
exhibits shallow concave constrictions di- 
rected medianly and anteriorly, strong 
lateral portions of which would meet at an- 
gle ef 120 degrees if extended across obsolete 
median portion of constriction; probably 
fewer than 3 constrictions in one volution. 

Sutures shown on holotype nearly identi- 
cal, except for size. Each suture possesses 
short, sharply bifid, median saddle within 
more prominently bifid ventral lobe; first lat- 
eral saddle broadly spatulate; first lateral 


7 Correspondence, April 15, 1940. 
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lobe asymmetrically lanceolate, curving up 
least broadly on lateral side; second lateral 
saddle broadly curved but depressed just 
lateral to summit, curving sharply over um- 
bilical slope; second lateral internal saddle 
flattened, broad; first lateral internal lobe 
elongate, swollen laterally about midway 
but sharply acuminate at termination; other 
sutural characters not shown. Second lateral 
external saddle broadest, first lateral lobes 
narrowest (except for bifurcations of exter- 
nal lobe), subequal. 

Comparison.—This species is closely allied 
to E. oblatus (Miller and Moore) from the 
Morrow group, but differs in its somewhat 
smaller size, more globular shape, more 
rounded surface of whorls, V-shaped trans- 
verse constrictions, and minor differences in 
sutural expression. 

Type.—Holotype, U.C. 48192; locality 16, 


Phylum ARTHROPODA 
Class CRUSTACEA 
Subclass TRILOBITA 
Order OPISTHOPARIA 
Family PROETIDAE 
Genus PALADIN Weller, 1936 
PALADIN MUCRONATUs (Girty) 
Plate 24, figure 15 
Griffithides mucronatus Girty, 1910, Ann., New 
York Acad. Sci., vol. 20, no. 3, pt. 2, p. 238. 
Griffithides mucronatus, GirTY, 1915, U. S. Geol. 
Survey Bull. 593, pp. 14, 133, 134. 
Griffithides mucronatus, PURDUE AND MuISsER, 
1916, U. S. Geol. Survey, Folio gh 12. 13. 
Griffithides mucronatus, RoTH, 1929, lahoma. 
Geol. Survey, Circ. 18, chart facing p. 16. 
Griffithides mucronatus, CRONEIS, 1930, Arkansas 
ol. Survey, Bull. 3, pp. 63, 65, 71, 72, 75. 
Paladin mucronatus, WELLER, 1936, Jour. Paleon- 
tology, vol. 10, no. 8, p. 707. 


Remarks.—More than 150 trilobite speci- 
mens (mostly incomplete) are referable 
either to this species or to Kaskia chesterensis 
J. M. Weller. Although a diligent search was 
made for specimens referable either to Grif- 
fithides sp. or to G. pustulosus Snider (both 
previously reported from the Pitkin), noth- 
ing typical of these forms has been seen. 
References in synonymies, therefore, can 
scarcely contain proper listing of these 
doubtful reports, because their true identity 
cannot be established at present. 
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3, Shale and argillaceous limestone in reentrant 
near top of Pitkin on south side of outlier in 
NW3 sec. 35, T. 16 N., R. 30 W. 

4. Massive ledge of limestone at top of Pitkin 
Bluff on east side of Fayetteville Country 
Club, 300 yards south of clubhouse. 

5. Coarsely crystalline limestone from which 
spring flows across highway, due west of 
quarry at Cane Hill, Arkansas. 

6. Very impure limestone and shale in small 
quarry on downthrow side of fault in road 
cut on hill 0.52 mile east of postoffice at 
Leslie, Arkansas. 

7. Impure limestone under rock shelter at bluffs 
above Highway 71, ? mile southeast of West 
Fork, Arkansas. 

8. Near top of Pitkin on north side of valley, 
1 mile east of road, 1 mile south of Cane Hill, 
Arkansas, in SE} sec. 8, T. 14 N., R. 32 W. 

10. Nodular limestone 24 inches thick, with 
shale near base of Pitkin in bluff north of 
road at gully near foot of hill northeast of 
Limestone, Arkansas, in NW} sec. 8, T. 
14 N., R. 21 W. 

15. Upper impure limestone bed at bluffs above 
Highway 71, ? mile southeast of West Fork, 
Arkansas. 

16. Near top of coarse crystalline limestone at 
top of Pitkin in quarry at Cane Hill, Ar- 
kansas. 

17. Black shale layer one-half inch thick in lower 
part of Pitkin in quarry at Cane Hill, 
Arkansas. 

20. Near top of Pitkin in SE} sec. 8, T. 14 N., 
R. 32 W 


23. Upper part of Pitkin at small dry creek 2 
miles east of Watts, Arkansas. 
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24. Limestone flat on east bank of War Eagle 
Creek, 100 yards south of bridge south of 
Huntsville in SE} NW} sec. 23, T. 16 N., 
R. 26 W. 

25. Middle of Pitkin in bluffs above Highway 
71, 2 mile southeast of West Fork, Arkansas. 

26. Middle of Pitkin in bluff traversed by gully 
heading at southwest corner of school yard 
at Iceledo, Arkansas. 

29. Red-speckled Pitkin at base of bluff north- 
west across road from “‘big spring”’ north of 
Cane Hill, Arkansas. 

30. Thick shale above first massive limestone in 
quarry west of road, 0.3 mile south of Leslie, 
Arkansas. 

32. Lower part of Pitkin in creek across bluff 
southeast of Hurley quarry, northeast of 
Leslie, Arkansas. 

35. Fine-grained, thin bedded limestone at base 
of Pitkin in low road cut on west side of 
road on mountain south of Jasper, Arkansas. 

37. White, finely oolitic limestone at bluffs above 
Highway 71, } mile southeast of West Fork, 
Arkansas. 

42. Argillaceous limestone in middle of Pitkin 
in bluffs above Highway 71, ? mile southeast 
of West Fork, Arkansas. 

48. Fine-grained grey limestone above road cut 
at fault 0.52 mile east of postoffce at Leslie, 
Arkansas. 

1379 blue. Harrison quadrangle, Fodderstack 
Mountain. Pitkin limestone. Miser, 1914. 
1388 blue. Eureka Springs quadrangle, East bor- 
= of sec. 21, T. 16 N., R. 27 W., Miser, 

1914. 

1389 blue. Eureka Springs quadrangle, sec. 30, 

T. 16 N., R. 28 W., Miser, 1914. 
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EVIDENCE ON THE NATURE OF CONODONTS 


ERNEST PAUL DU BOIS 
Illinois State Geological Survey, Urbana, Illinois 


AssTRACT—Study of conodont assemblages from strata of McLeansboro, Pennsyl- 
vanian, age near La Salle, Illinois, shows that typically a pair of polygnathids, a pair 
of bryantodids, and several pairs of hindeodellids are present. A rarer type of as- 
semblage is characterized by forms strikingly different in character. From the 
biological viewpoint it is believed that two taxonomic divisions of the group are 
represented by these two kinds of assemblages. The zoological relationship of the 
conodonts with the Paleozoic Annelida is favored. This study and several previous 
ones show that conodonts which have been previously referred todifferent ‘‘families” 
may be parts of a single individual. It is advocated that the present nomenclature 
be removed to the Ordo Militaris or ‘‘utilitarian” classification proposed by Croneis 
and that, as far as possible, a biological classification based on phyletic relationships 


of the assemblages be substituted. 


INTRODUCTION 


aimed at solution of the 
riddle of conodont origin have been con- 
ducted along several lines: the description 
and analysis of new forms, the study and 
investigation of their chemical composition 
and histological features, their possible re- 
lationships to associated structures and 
finally, the relationship of one conodont type 
to another as revealed through a study of 
conodont assemblages. So long as equivocal 
associations of conodonts with other groups 
are unknown, a certain answer to the ques- 
tion of their origin is not yet available. In 
the meantime, therefore, the study of cono- 
dont assemblages perhaps presents the most 
fruitful line of investigation. Several authors 
have already undertaken this task, among 
them, Schmidt (1935), Scott (1935, 1942), 
and Jones (1938). Schmidt concluded that 
assemblages collected from the Carbonifer- 
ous of Germany were related to the bran- 
chial apparatus of Gemundina-like fish. Both 
Scott, on the basis of assemblages from the 
Quadrant shale in the Pennsylvanian of 
Montana, and Jones, from a study of the 
assemblages in the Seminole formation 
(Pennsylvanian) of Oklahoma, concluded 
that conodonts were in some way related to 
the Annelida. The series of assemblages de- 
scribed in this paper tends to confirm the 
conclusions of Scott and Jones. 

The writer wishes to express his indebted- 
ness to Carey Croneis for assistance in the 
preparation of this manuscript, to Michael 
Chappars for help in the photography, and 
to Charles W, Sternberg for his assistance in 


the collection of the shale from which the 
assemblages were secured. 

The strata from which the conodonts were 
collected are fissile black shales which lie 
just below the La Salle limestone of Mc- 
Leansboro (Pennsylvanian) age. Underlying 
the black shale is a thin seam of coal which 
varies from one to several inches in thick- 
ness. The shale member is about 18 inches 
thick but tends to vary from one area to an- 
other. 

The locality from which the shale was 
collected lies in the SE. } NW. 3 sec. 6, T. 32 
N., R. E., about one and a half miles south- 
east of Oglesby, and five miles southeast of 
La Salle, Illinois. Where Bailey Creek, a 
tributary of the Vermillion River, enters 
that stream, the creek has cut a rather deep 
gorge, near the base of which is exposed the 
conodont bearing shale. Three trips were 
made to this locality from which a total of 
about 300 pounds of shale were collected, 
split, and sorted. As a result, over 75 as- 
semblages and 500 complete individual con- 
odonts were secured for study. 

The associated fauna is rather meager as 
is characteristic of many black shales. The 
most common fossils, with the exception of 
the conodonts, are the brachiopods Orbicu- 
loidea missouriensis and Lingula umbonata. 
The only other known invertebrates are 
worm trails or burrows which consist of light 
gray casts in the black matrix. Vertebrate 
remains, such as Lystracanthus spines, Cla- 
dodus teeth, and scales referable to some 
paleoniscid type of fish, although not com- 
mon, are characteristic of the zone. Holm- 
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sella has been found, not only as individuals, far as the orientation of the individuals ang 
but in sheet-like aggregates suggesting that their ‘‘specific’” identity are concerned. Ajj 


these ‘‘conodonts” are in reality scales of a of them exhibit signs of an original paired 


Paleozoic fish. 


DESCRIPTION ANALYSIS OF 
ASSEMBLAGES 


Plate 25, figure 14, depicts the most com- 
plete assemblage in the collection. It may be 
considered as a central type to which all the 
other assemblages except those shown in fig- 
ures 7, 15 and 19, may be referred. The origi- 
nal orientation of the separate individuals 
may be considered as little disturbed. It 
seems likely, however, that the bryantodids 
have been moved slightly forward to a posi- 
tion between the plates of the two polygnath- 
ids. The individuals present represent 
members of three known “‘genera’”’; an an- 
terior pair of Streptognathodus, followed by a 
pair of Ozarkodina, and a posterior group of 
seven Hindeodellas. Lying posteriorly, and 
to one side of the group, is a single individual 
of what may be an undescribed ‘‘genus,”’ 
probably related to Synprioniodina or 
Telumodina. Several points may be noted: 
the orientation of the polygnathids is with 
the blades anterior and the plates behind, 
opposing one another; the position of the 
bryantodid pair suggests that the members 
may have acted against each other; and the 
hindeodellids are oriented with the denticles 
inclined to the rear. These observations are 
based upon the assumption that the poly- 

gnathid pair forms the anterior end of the 
assemblage. 

The remainder of the figures belonging to 
this common type of assemblage suggest 
that this relationship is a genetic one. With 
the exception of figures 7, 15, and 19, there 
is no essential difference in the relationships 
which the individuals of the separate as- 
semblages bear to one another except inso- 


arrangement similar to that shown in figure 
14. 

Figure 2, however, shows three instead of 
the customary two polygnathids. There are 
several possible explanations for this occur- 
rence; there may have been a mixture with 
another assemblage on the same bedding 
plane (although no other conodonts were 
discovered nearby), mixture with another 
assemblage most of which is on another bed- 
ding plane, or, lastly, there may have been 
no mixture, and the presence of more than 
two polygnathids may be indicative of some 
taxonomic difference. If this last be the case, 
it seems probable that the original number 
of polygnathids was four and that they were 
probably symmetrically disposed. 

Figure 15 shows a partially uncovered as- 
semblage closely related to the one dis- 
played in figure 19. The former includes 
individuals referable to Distacodus, Prionio- 
dus, and Lonchodina; the latter comprises 
forms referable to Distacodus, Lonchodina, 
and Hibbardella or Euprioniodina. These 
two assemblages differ strikingly from those 
in the rest of the collection. The individuals 
belong to different ‘‘genera”’ and are, on the 
whole, larger and do not possess a similar 
orientation. A certain orientation is percep- 
tible in the assemblage depicted in figure 19 
inasmuch as most of the denticles tend to 
point in the same direction. 

Figure 16 is a photograph of impressions 
associated with the conodonts. These im- 
pressions occur as part of a brown carbona- 
ceous film on the black shale. This film appar- 
ently represents a fossilized portion of the 
cuticle of some worm-like creature. It is be- 
lieved that the conical structures pictured 
here represent parapodia or cirri. Not shown 
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(All figures 14) 


Fics. 1, 3-6, 8-14, 17, 18, 20, 21—Series of specimens showing component parts of typical assemblages. 
Figure 14 depicts the most complete assemblage in the collection. ; 
15, 19—Atypical assemblages composed mainly of Distacodus- and Lonchodina-like forms. 


2—Assemblage in genera] resembling typical ones but 


ssing three polygnathids. 


7—Coprolitic assemblage composed of polygnathids, hindeodellids, and bryantodids. 


16—Problematic parapodia found in association with Hindeodella. 
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in the figure is » *indeodellid which was 
“sandwiched” -ween two layers of the 
membrane anu , tich may indicate in a 
more positive manner the origin of cono- 
donts. Similar membranous structures have 
been found in association with some of the 
assemblages. 

Figure 7 depicts an assemblage that is of 
coprolitic origin. It is included to show the 
contrast between it and the normal speci- 
mens. The ease with which the two types of 
assemblages may be distinguished is im- 
mediately apparent. The individuals present 
belong to the “genera” Streptognathodus, 
Ozarkodina, and Hindeodella. 


DISCUSSION 


Morphology—Most conodonts seem to 
represent the pharyngeal and buccal struc- 
tures of some Paleozoic animal. The stand- 
ard conodont complement of these struc- 
tures apparently includesa pair of polygnath- 
ids, a pair of bryantodids, and at least 
four, possibly more, pairs of hindeodellids. 
The hypothetical proportion of 1:1:4, indi- 
cated by a study of the assemblages is borne 
out by a study of the isolated individuals. Of 
479 separate teeth, 67 have been classified as 
Ozarkodina, 108 as Streptognathédus, and 304 
as Hindeodella. Roughly, this is a proportion 
of about 1:2:5. The large deviation from 
the hypothetical ratio is apparently due to 
the differential ability of the teeth to with- 
stand fragmentation. Thus, the number of 
polygnathids, because of their heavier and 
more massive construction, probably repre- 
sents the closest approximation to the num- 
ber of living individuals now represented as 
fossil assemblages. Using the polygnathids, 
then, as unity, it seems that both bryanto- 
dids and hindeodellids are present in re- 
duced numbers, and that, relatively the bry- 
antodids have suffered the greater loss in 
number. Philosophically, however, it would 
seem reasonable that the reverse may be 
true. This apparent reversal may be due to 
either, or both, of two causes: the number of 
pairs of hindeodellids in an individual may 
frequently be less than the observed number 
of four, and thus throw off the assumed 
generalized ratio of 1:1:4, or, a subjective 
error may be present in counting the indi- 
viduals in - "hich fragmentary hindeodellids 
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are counted as whole individuals, whereas 
fragmentary bryantodids are rejected. 

That each group of teeth was surrounded 
by a separate muscle complex is indicated by 
the behavior of the groups as units, i.e., 
paired bryantodids are frequently found 
with no trace of other teeth nearby; like- 
wise, hindeodellids are frequently found 
with or without other teeth scattered nearby. 
Whether there was any significant variation 
of the fundamental assemblage described 
above or not is uncertain. Figure 2 indi- 
cates the possibility of such a variation, al- 
though as has been noted, the assemblage 
may be fortuitous in part. 

In contrast to this more common type of 
assemblage is another as indicated by the 
specimens shown in figures 15 and 19. Un- 
fortunately, the poor preservation of the 
assemblages combined with their rarity 
gives little clue as to the general arrangement 
of the component parts. 

Phylogenetic relationships.—The evidence 
offered in these specimens regarding the zoo- 
logical affinities of conodonts is not wholly 
positive. A comparison of the assemblages 
with the lingual teeth of the cyclostomes or 
with the skeletal elements of the gill arches 
of fish must show immediately and con- 
clusively that there is no similarity in the 
arrangement of these structures with the 
arrangement of the individuals in the cono- 
dont assemblage. The radular teeth of gas- 
tropods are developed as a series of long 
rows of more or less morphologically similar 
individuals that may vary between the 
separate rows but seldom vary within a 
given row. A comparison of these teeth with 
conodonts the assemblages shows that the 
conodonts could not be derived from snails. 
For similar reasons it is equally improbable 
that conodonts represent the lingual teeth of 
cephalopods. Of the known groups of ani- 
mals, the teeth seem most closely related to 
those of the Annelida. This is particularly 
true when the arrangement of the assem- 
blages is taken into consideration. This 
possibility is given more weight by the 
abundance of fossils of probable annelid ori- 
gin in the beds, e.g., the numerous worm 
trails, several segmented impressions, and 
the problematic ‘‘parapodia’”’ shown in fig- 
ure 16. 
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The question seems capable of final reso- 
lution into the fact that conodonts were re- 
lated to animals belonging to one of three 
categories; to some as yet unrecognized 
group of vertebrates, to some unknown 
group of invertebrates, or to the Paleozoic 
Annelida. Of the three possibilities, the last 
seems most probable. 

Study of the assemblages further indicates 
that the animals which bore the structures 
did not form an entirely homogeneous group. 
At least two distinct divisions are noted: the 
most numerous being represented by the 
specimens similar to the central type shown 


in figure 14; the other represented by the . 


specimens depicted in figures 15 and 19. 
These two groups seem to represent a taxo- 
nomic distinction of high value. The first 
group may possibly be subdivided further 
according to the number of polygnathids 
present. 

Orientation.—The subject of orientation 
of conodonts has always been a vexing one. 
This is because of the difficulty of relating 
them to other objects or to other conodonts, 
in such a way that the proper perspective is 
realized. Hass (1941), by a study of the his- 
tological structure of the polygnathids con- 
cluded that in Polygnathus the blade is an- 
terior and the plate posterior. The general 
aspect of the assemblages seems to indicate 
this as the proper orientation. In such a 
way, a “gradient”. is realized in which the 
polygnathids perform the preliminary mas- 
tication, and the hindeodellids the final com- 
minution or straining. If this be true, 
that the polygnathids form the anterior part 
of the assemblage, then the relations of the 
bryantodids and hindeodellids are clear; in 
both cases the majority of denticles are di- 
rected in a posterior direction. 

Chemical composition—The most sig- 
nificant argument for not including the 
conodonts among the Annelida lies in the 
fact that they are composed in large part of 
calcium phosphate. F. W. Clarke (1924) 
states that ‘‘some annelids are rich in phos- 
phorus, and the tubes formed by the genera 
Leodice, Hyalinoecia, and Onuphis are in this 
respect most remarkable.” 

The significance of this statement is not 
immediately obvious. If, however, it is 
realized that in the chaetopods, the buccal 
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cavity and pharynx are formed by invagina- 
tion of the embryonic ectoderm, and are 
thus stomodaeal in origin, then it seems not 
improbable that annelid jaws are physiologic 
homologs of the external cuticle, or tube (in 
the case of tube-building worms). It thus 
seems much less difficult to postulate a worm 
having jaws made up largely of calcium 
phosphate instead of chitin than it did pre- 
viously. The gap between the secretion of 
calcium phosphate and that of chitin has not 
been sufficiently great to prevent the occur- 
rence of both substances in the shells of in- 
articulate brachiopods. This fact is insuffi- 
cient proof that the annelids have been capa- 
ble of secreting calcium phosphate, but it 
does serve to point out the fact that this sub- 
stance is not only produced among inverte- 
brates, but may be secreted by the same 
individual which produces chitin. The possi- 
ble relationship of the brachiopods to the 
annelids may be of significance in this re- 
spect. 

Reconstruction it is assumed that 
conodonts are associated with both the 
problematic parapodia and the worm trails, 
it is possible to erect a picture which may 
represent the appearance in life of the ani- 
mal which bore the teeth. The adult was an 
elongate worm, seldom more than three mil- 
limeters in width, with a length of at least 
three centimeters, and probably five or 
more. It probably possessed a ventral nerve 
cord and resembled modern annelids in 
many other internal structures. Metamer- 
ism may have been indicated by the serial 
development of the jaws, in which each type 
of tooth was restricted to a separate meta- 
mere, and by the presence of regularly ar- 
ranged parapodia. 

The anterior part of the digestive tract 
was divided into buccal and pharyngeal re- 
gions. The buccal cavity had a single (but 
perhaps more in some cases) polygnathid on 
either side, with the blade directed ante- 
riorly. These jaws were probably covered 
with hypodermis and cuticle so that only the 
actual cusps were visible. Protractor and re- 
tractor muscles supported and moved the 
teeth. Anterior to the polygnathids there 
may have been one or two teeth of the sym- 
metrical type illustrated in Scott’s figure 3c 
(1935). The pharyngeal region supported 
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the hindeodellids which probably functioned 
in the final straining or comminution of the 
food. 

Taxonomic treatment.—Inasmuch as a sys- 
tem of taxonomy should be so constructed as 
to represent the evolutionary relationships 
of the animals involved, and because the 
evidence in the above discussion has shown 
that structures that have been referred to 
different families may in reality belong to 
the same individual, considerable revision of 
the taxonomic treatment seems necessary. 
To correct the present terminology by ortho- 
dox methods would be extremely difficult 
and would require years to execute. Indeed 
it is probable that this problem could never 
be satisfactorily solved. 

The solution which seems most feasible is 
the complete transfer of the present nomen- 
clature to the Ordo Militaris advocated by 
Carey Croneis (1938) for use in just such 
cases. This scheme would remove the neces- 
sity of a complete revision of the present 
classification, would allow the further study 
of conodonts as stratigraphic tools and, at 
the same time, would permit the separate 
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development of a classification based upon 
biological relationships. Scott (1942) has al- 
ready set a precedent for the description of 
conodont assemblages which should be con- 
sidered in the erection of any new ‘‘natural”’ 
genera or species in the group. 
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DISTINCTIVE NEW SPECIES OF FORAMINIFERA FROM THE 
CANE RIVER EOCENE OF LOUISIANA 


KEITH M. HUSSEY 
The University of Houston, Houston, Texas 


ABSTRACT—Eleven a and one genus have been selected from the previously 
undescribed foraminiferal fauna of the Cane River Eocene of Louisiana as being the 
most usable species for subsurface correlation. The position of each species in the 


formation is given. A check-list and list of localities are included. 


INTRODUCTION 


OLLOWING the suggestions of men who 
es thoroughly familiar with the eco- 
nomic paleontology of the Gulf coast, the 
writer has selected the eleven species of 
foraminifera described in this paper as being 
the most useful or most distinctive of the 
large number of undescribed species which 
make up the Cane River fauna. 

The following descriptions have been 
taken from a completed manuscript on the 
Cane River fauna which the author hopes to 
publish in the near future. In that manu- 
script previous works on the Cane River 
formation are reviewed, its lithology is de- 
scribed and its correlation is discussed. 

The accompanying check list of species 
was compiled from samples from two very 
carefully cored wells in the Urania oil field of 
Grant and La Salle Parishes, from samples 
of a completely cored Cane River section in 
a well in the Georgetown oil field in Grant 
Parish, and from surface samples collected 
by Justin Rukas and R. Dana Russell of the 
Louisiana Geological Survey during their 
work in Natchitoches and Bienville Par- 
ishes, Louisiana. The well core samples give 
much more accurate information on the 
range of the useful species than do surface 
samples but a sufficient number of surface 
samples were included to be representative 
of the better surface outcrops. 

The well core samples are arranged in 
descending order and thus, the check-list 
serves also as a range chart. 

Of the species considered herein, only 
those recorded have been observed in any 
sample taken from the Weches and Enter- 
prise members. 

A comparison of foraminiferal assem- 
blages reveals a close relationship between 
the faunas of the Weches formation of 
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Texas, the Enterprise greensand of Missis- 
sippi and the Cane River formation of Loui- 
siana. The faunal relationships and similari- 
ties of lithology indicate that they are at 
least in part equivalent to each other. 

The author wishes to express sincere ap- 
preciation to Dr. H. V. Howe, Dr. R. Dana 
Russell and Justin Rukas of Louisiana State 
University for the use of samples and type 
specimens; to Dr. James H. McGuirt, who 
unselfishly gave much time in consultation 
and in the preparation of the accompanying 
plates; and to J. B. Garrett of the Stanolind 
Oil and Gas Company and M. C. Israelsky 
of the United Gas Company for the use of 
slides and for suggestions as to which of the 
Cane River species are of most value in sub- 
surface correlation. 


SYSTEMATIC DESCRIPTIONS 
Order FORAMINIFERA 
Family LITUOLIDAE 
Genus CycLAMMINA H. E. Brady, 1876 
CYCLAMMINA CANERIVERENSIS 
Hussey, n. sp. 
Plate 26, figure 12 


Test planispiral, entirely involute; cham- 
bers numerous about 10 to a whorl, interior 
labyrinthic, with well developed chitinous 
inner lining; sutures only slightly depressed; 
wall thick, of well sorted, fine arenaceous 
material, well cemented, giving exterior a 
subvitreous luster; aperture consists of a 
curved slit at base of last formed chamber 
and of a curved row of small rounded open- 
ings across the apertural face, indistinct ex- 
cept on very well preserved specimens. 

Type——Holotype, no. 2500 from sample 
Ru 468, Natchitoches Parish, La., diameter 
0.74 mm. 

This species serves well to mark the upper 
part of the Cane River formation, as it is of 
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fairly large size, is easy to distinguish, and 
occurs in abundance in the uppermost choc- 
olate-brown clays of the formation. 

The specimen selected as the type is con- 
sidered to be a well preserved one, but some- 
what small for the species. However, a large 
number, perhaps even a majority, of the 
specimens examined have a variety of dis- 
torted forms which, if found separately, 
might be considered as a different species. 
However, all but the type figured are un- 
doubtedly distorted forms and should be so 
considered. This species is also found in the 
chocolate-brown clays that occur in some 
places at the base of the Cane River. There 
it is of slightly smaller size and the distorted 
forms are not so prevalent. 


Family VERNEUILINIDAE 
Genus PSEUDOCLAVULINA Cushman, 1936 
PSEUDOCLAVULINA ELONGATA 
Hussey, n. sp. 
Plate 26, figures 3, 4 


Test very elongate in well developed spec- 
imens, triserial in early stages, subtriangular 
in transverse section, later greater portion of 
test uniserial, round in transverse section; 
chambers fairly distinct in early portion, 
well defined in uniserial portion, inflated, 
increase in size as added; sutures fairly dis- 
tinct, slightly depressed; aperture appears 
to be textularian in early stages, later ter- 
minal, rounded without neck or tooth. 

Type.—Holotype, no. 2510 from sample 
137; length 1.85 mm., width 0.40 mm. 

This species occurs in considerable abun- 
dance in, and should prove to be a good 
‘‘marker fossil’ for, the greensand section of 
the Cane River. 


Family VALVULINIDAE 
Genus Go#SELLA Cushman, 1933 
GO#SELLA GIBBOSA Hussey, n. sp. 

Plate 26, figure 13 


Test in early stages coiled with number of 
chambers to a whorl, reducing to three then 
to two, and in the adult a well developed 
uniserial stage; chambers and sutures indis- 
tinct; wall agglutinated, material poorly 
sorted, includes some tests of small fora- 
minifers, well cemented; aperture appears to 
be textularian in the early stages but is 
rounded to elongate, terminal, without 
tooth in adult. 
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Type.—Holotype, no. 2508 from sample 
118; length 1.50 mm., diameter 0.76 mm. 

Probably the most characteristic feature 
of this species is its lack of distinctive exter- 
nal features. It is necessary to make several 
sections if the chamber arrangement is to be 
definitely determined. 

The range of this species is rather limited, 
as it is found only in the upper part of the 
greensand section. 


Genus KARRERIELLA Cushman, 1933 
KARRERIELLA OVATA Hussey, n. sp. 
Plate 26, figure 5 


Test elongate, tapering evenly through- 
out length, slightly compressed giving ovate 
shape to transverse section; chambers dis- 
tinct, somewhat more inflated in adult 
stages than in earlier portion, slightly over- 
lapping; sutures distinct, depressed; wall 
arenaceous, composed of well sorted, fine, 
well cemented grains, aperture on central 
part of apertural face with a well developed 
tubular neck. 

Type.—Holotype, no. 2512 from sample 
169, La Salle Parish, La., length 0.46 mm., 
diameter 0.26 mm. 

This species occurs scattered through the 
greensand section but is found in greatest 
abundance in the lower part of that section, 
in the so-called ‘‘salt and pepper’’ sand. 


Family LAGENDIAE 
Genus MARGINULINA d’Orbigny, 1826 
MARGINULINA VARIATA Hussey, n. sp. 
Plate 27, figures 1-8 


Test elongate, compressed, subtriangular 
in transverse section, close coiled early por- 
tion may form greater part of the test, later 
uniserial portion may describe arcuate pat- 
tern with chambers increasing in size as 
added or may be in linear series, last one or 
two chambers may be smaller and more 
globose than preceding; periphery varies 
from broadly rounded through a heavy, 
thread-like, rounded keel, to a thin, blade- 
like, translucent keel; sutures all limbate 
except those between subglobular chambers 
of those specimens which develop that type 
of chamber in the adult stage, those sutures 
are distinctly depressed, limbate feature 
may extend to face of specimen or may only 
extend half-way around; wall calcareous, 
vitreous, very finely perforate; apertural 
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Wech. Weches samples from Smithville, San and from a locality on U. S. highway 51 south 
Augustine and type localities. of Winona, Mississippi. 
Ent. Enterprise samples from the type locality 


EXPLANATION OF PLATE 26 


Fics. 1—Nodosaria primitiva Hussey, n. sp. Holotype, LSU 2549, from sample 115, 70. (p. 165) 
2—Bifarina turriformis Hussey, n. sp. Holotype, LSU 2606, from sample 137, X60. (p. 166) 


3 apertural view of 4. (p. 161) 
5—Karreriella ovata Hussey, n. sp. Holotype, LSU 2512, from sample 169, X75. (p. 161) 
6-8—Cibicides hypoconoides Hussey, n. sp. Holotype, LSU 2598, from sample 207, X70; 6, dorsal 


view; 7 ventral view, & peripheral view. (p. 167) 

~ 9, 10—Anomalina nodosa Hussey, n. sp. Holotype, LSU 2596, from sample 151, X75; 10 dorsal 

view, 9 ventral view. (p. 166) 

11—Nodoplanulis elongata Hussey, n. gen. Genoholotype, LSU 2563, from sample ~*~ poe 
p. 

12—Cyclammina caneriverensis Hussey, n. sp. Holotype, LSU 2500, from sample ~~ ‘a 
p. 

13—Goésella gibbosa Hussey, n. sp. Holotype, LSU 2508, from sample 118, X50. (p. 161) 


14, 15—Siphonina carinata Hussey, n. sp. Holotype, LSU 2583, from sample 128, X75; 14 dorsal 
view, 15 ventral view. (p. 166) 


F 3, +—Pseudoclavulina elongata Huss« n. sp. H type, LSU 2510, trom sample 13 a 

= 


| 


XXX | Pseudoclavulina elongata 
| Cyclammina caneriverensis 
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face varies-in shape from rounded, vase- 
shaped to elongate, triangular to broadly 
rounded; aperture radiate, at peripheral 
angle. 

Types.—Paratypes, no. 2529 from sample 
Ru 226, Natchitoches Parish, La., length 
0.94 mm., width 0.34 mm., thickness 0.30 
mm.; no 2530 from sample 119, La Salle 
Parish, La., length 0.70 mm., width 0.36 
mm., thickness 0.26 mm.; no. 2531 from 
sample 120, La Salle Parish, La., length 
0.76 mm., width 0.40 mm., thickness 0.26 
mm.; no. 2532 from sample 118, La Salle 
Parish, La., length 1.02 mm., width 0.50 
mm., thickness 0.30 mm.; no. 2533 from 
sample 123, La Salle Parish, La., length 1.60 
mm., width 0.60 mm., thickness 0.38 mm.; 
no. 2534, from sample 123, La Salle Parish, 
La., length 1.10 mm., width 0.51 mm., thick- 
ness 0.35 mm.; no. 2535 from sample 123, 
La Salle Parish, La., length 1.08 mm., width 
0.60 mm., thickness 0.30 mm.; no. 2536 
from sample 148, La Salle Parish, La., 
length 1.22 mm., width 0.43 mm., thickness 
0.24 mm. 

This species affords a very interesting 
study in the great amount of variation that 
can be developed in a single species in one 
formation. Figured specimens show a repre- 
sentative group of variations, but there are 
many other intermediate forms. Specimens 
are found which display every step from one 
extreme to the other, even to the variety 
with beaded sutures which occurs near the 
top of the Cane River. 

This species commonly has been called 
Cristellaria nudicostata in the paleontological 
reports of various oil companies. According 
to G. D. Hanna and C. C. Church,! Cristel- 
laria mexicana nudicostata, Cristellaria 
mexicana var. nudicostata and Marginulina 
vacavillensis are all the same form, and of 
these names M. vacavillensis has priority. 

1 Hanna, G. D., and Church, C. C., 1937, 


Notes on Marginulina vacavillensis (Hanna), 
Jour. Paleontology, vol. 11, no. 6, pp. 530-531. 
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C. nudicostata was raised to the rank of a 
species by M. C. Israelsky.? 

Through the kindness of Mr. C. C. 
Church, some specimens of M. vacavillensis 
were obtained from the type locality, and 
Mr. M. C. Israelsky kindly loaned speci- 
mens from several California localities. The 
Cane River form was carefully checked 
against all of those specimens and was found 
to have finer, more delicate tests. It develops 
forms that are more bizarre than those in 
the California samples and seems to be in 
the gerontic stage of its evolutionary devel- 
opment, whereas, M. vacavillensis appears 
to be a more conservative type. Therefore, 
it is the opinion of the author that M. variata 
is sufficiently different from the described 
form to warrant being set up as a new 
species. 


Genus NoposariA Lamarck, 1812 
NODOSARIA PRIMITIVA Hussey, n. sp. 
Plate 26, figure 1 


Test elongate, subfusiform, sides nearly 
parallel; chambers few, not more than six, 
uniserial, initial chamber large, later ones 
increase in size only slightly; sutures dis- 
tinct, broadly depressed; wall calcareous, 
subporcellaneous, polished; aperture ter- 
minal, radiate. 

Types.—Holotype, no. 2549 from sample 
115, La Salle Parish, La., length 0.49 mm., 
diameter 0.23 mm. 

This species is a very distinctive one. It 
may, on casual inspection, be mistaken for 
a member of the genus Glandulina, but it 
should be noted that there is no biserial 
early stage, neither are the chambers em- 
bracing as in Pseudoglandulina. It is a very 
simple species of the genus Nodosaria, char- 
acterized by the small number of chambers 
and by the subporcellaneous, polished test. 


2 IsRAELSKY, M. C., 1935, Tentative foram- 
iniferal zonation of subsurface Claiborne of 
Texas and Louisiana, Bull. Am. Assoc. Petr. 
Geologists, vol. 19, no. 5, pp. 689-695. 


Fics. 1-8—Marginulina variata Hussey, n. sp. 


EXPLANATION OF PLATE 27 
(All figures, X60) 


Cotypes, 1, LSU 2530, sample 119; 2, LSU 2529, 


sample 190; 3, LSU 2532, sample 118; 4, LSU 2 2533, sample 123; 5, LSU 2531, sample 120; 
6, LSU 2535, sample 123; 7, LSU 2536, ‘sample 148; 8, LSU 2534, sample 123. ( 


p. 161) 
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This species is not limited in range to the 
chocolate-brown clays of the upper Cane 
River, but it is found there in greater abu- 
dance than in the lower part of the forma- 
tion. 

Family HETEROHELICIDAE 

Genus NODOPLANULIS Hussey, n. gen. 

Test in early stages showing indications 
of planispiral ancestry, first three or four 
chambers have indistinct planispiral ar- 
rangement, uniserial arrangement develops 
directly from initial stage, comprises much 
the greater part of test; chambers slightly 
involute; wall calcareous, hyaline, finely 
perforate; aperture terminal, rounded, with 
neck. 

Genotype, Nodoplanulis elongata 
Hussey, n. sp. 

This is one of the more specialized genera 
of the Heterohelicidae, in which the spiral 
stage is greatly reduced and the biserial 
stage is wanting. 


NODOPLANULIS ELONGATA Hussey, n. sp. 
Plate 26, figure 11 


Test indistinctly planispiral in very early 
stage, uniserial stage develops immediately 
from initial stage and includes much the 
greater part of test, two or more short, sharp 
spines on initial end; chambers three or 
more in planispiral stage, five or more in 
adult uniserial stage, increase in size as 
added, slightly compressed; sutures dis- 
tinct, incised; wall calcareous, hyaline, finely 
perforate, decorated with a row of blunt, 
short spines just above the suture line of 
each chamber; aperture terminal, round, 
with a very short neck and a flaring lip. 

Type.—Holotype, no. 2563 from sample 
136, La Salle Parish, La., length 0.52 mm., 
width 0.08 mm. 

Only the very small size of this species 
prevents it from being one of the most useful 
“‘marker fossils’ of the Cane River forma- 
tion. It occurs abundantly enough and ap- 
pears to be confined to a fairly thin section 
of the upper part of the formation. 


Family BULIMINIDAE 
Genus BIFARINA Parker and Jones, 1872 
BIFARINA TURRIFORMIS Hussey, n. sp. 
Plate 26, figure 2 


Test elongate, circular in transverse sec- 
tion, arcuate; chambers in early portion 
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biserial, later ones uniserial, uniserial por- 
tion comprises greater part of test; sutures 
distinct, slightly depressed, distinctly 
notched; wall calcareous, perforated, pitted, 
pits arranged in rows, giving striated ap- 
pearance to test when viewed with direction 
of light at right angles to longitudinal axis 
of test; aperture terminal, simple, rounded, 
encircled by row of blunt spines, not radiate. 

Type.—Holotype, no. 2606 from sample 
137, La Salle Parish, La., length 1.18 mm., 
diameter 0.17 mm. 

This is both a very distinctive and useful 
species, as it is of fairly large size, abundant 
and limited to the greensand marl section 
of the formation. Its coarsely perforated 
test, notched sutures and general shape 
make it easy to identify. 


Family ROTALIIDAE 
Genus SIPHONINA Reuss, 1850 
SIPHONINA CARINATA Hussey, n. sp. 
Plate 26, figures 14, 15 


Test trochoid, biconvex, compressed, with 
well developed, broad, thin keel; chambers 
numerous, early ones indistinct, later ones 
distinct; early sutures indistinct, hidden on 
ventral side by reticulate ridges, later ones 
distinct, depressed on ventral side, limbate, 
raised on dorsal side; wall calcareous, 
coarsely perforate; aperture located on ven- 
tral side of peripheral line, elongate, puck- 
ered internally, neck very short with wide, 
heavy lip. 

Type.—Holotype, no. 2583 from sample 
128, La Salle Parish, La., diameter 0.52 
mm, thickness 0.22 mm. 

A distinctive species with a very unusual 
aperture, this appears to be an off-shoot 
from the true Siphonina, but it is not differ- 
ent enough to warrant the setting up of a 
new genus. It is characteristic of the upper 
part of the greensand marl but specimens 
also occur lower in the section. 


Family ANOMALINIDAE 
Genus ANOMALINA d’Orbigny, 1826 
ANOMALINA NODOSA Hussey, n. sp. 

Plate 26, figures 9, 10 


Test trochoid in early stage, later tending 
to become planispiral and involute; cham- 
bers numerous, 12 or more making up last 
whorl, early chambers on dorsal side hidden 
by large umbone, ventrally the inner edge 
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of each chamber terminates in a small node 
thus forming a ring of nodes along the de- 
pressed spiral suture; sutures distinct only 
in the last formed whorl, limbate; wall cal- 
careous, heavy, perforate; aperture extends 
across periphery and back along base of last 
formed chamber on ventral side. 

Type-—Holotype, no. 2596 from sample 
151, La Salle Parish, La., diameter 0.49 
mm., thickness 0.21 mm. 

Although this species occurs with and 
somewhat resembles Anomalina umbonata, 
it is distinct. It can very easily be identified 
by the node-like terminations of the cham- 
bers along the spiral suture and by the fact 
that it is a smaller species than A. umbonata. 

This species ranges throughout the Cane 
River, but has not been found either above 
or below that formation. 


Genus CrBicipEs Montfort, 1808 
CIBICIDES HYPOCONOIDES Hussey, n. sp. 
Plate 26, figures 6-8 


Test small for genus, plano-convex, sub- 
conical, trochoid; chambers fairly well 
defined, eight or more in last formed volu- 
tion; sutures distinct, slightly depressed in 
adult stage; wall calcareous, hyaline, finely 
perforate; aperture extends from periphery 
back along base of last two chambers. 

Type.—Holotype, no. 2598 from sample 
Ru 518-J, Natchitoches Parish, La., diame- 
ter 0.27 mm., thickness 0.14 mm. 

This species has a very distinctive shape 
and appears to be confined to the greensand 
section of the formation. 


LIST OF LOCALITIES 


1-106. C. M. Bowers, et al. E. T. Morrison No. 1, 
3040 feet west of east and 2740 feet north of 
south line, sec. 24, T. 9 N., R. 1 W., Grant 
Parish, 106 core samples ranging in depth from 
1436 to 1656 feet continuous cores start at 
1541 feet. 

107-144. Louisiana Oil and Ref. Co., Tremont 

_ No. 2, 312 feet east and 345 feet north of south- 
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west cor. SW} sec. 29, T. 10 N., R. 2 E., La 
Salle Parish, 38 core samples ranging in depth 
from 1468 feet to 1555 feet. 

145-183. Louisiana Oil and Ref. Co., Tremont 
No. 1, 115 feet south and 150 feet east of 
northwest cor. NW} NE} sec. 30, T. 10 N., 
R. 2 E., La Salle Parish, 39 core samples rang- 
ing in depth from 1500 feet to 1566 feet. 

184-219. (Ru J. M. Rukas) surface localities in 
Natchitoches Parish, Louisiana. 

184. (Ru. 531). NE? sec. 3, Ashland township 
on road to Strange, Louisiana, Discocyclina 


advena zone. 
510), SE4, NW3, sec. 8, T. 8 N., 


186. (Ru. 503), type locality of Cane River for- 
mation, } mile north of Natchitoches, Louisiana. 

187. (Ru. 468), from a hand dug well 42 feet deep 
at Limekiln Church, NW3 sec. 85, T. 9 N., R. 
7 W., greensand marl section. 

188. (Ru. 463), 1.4 miles north of Provencal on 
Provencal-Hagewood road and 0.2 mile east 
of road, in creek bed, D. advena zone. 

189. (Ru. 356), 1.2 miles west of cross-roads east 
of Victoria Hill, SW4, NW, NE, sec. 24, 
T. 8 N., R. 9 W., roadcut, top of D. advena 


zone. 

190. (Ru. 226), about 0.6 mile west of Provencal 
on north side of tracks of Texas & Pacific RR., 
NW3, SW3, SE}, sec. 20, T. 8 N., R. 8 W., 
D. advena zone. 

192-197. (Ru 500B, C, E, F, H, I; Clear Lake 
bluff exposure, NW3 sec. 28, T. 11 N., R. 6 W., 
includes base of chocolate-brown clay and en- 
tire greensand marl section of Cane River 
formation. Is one of best exposures of Cane 
River in Louisiana. 

198-214. (Ru. 518A-Q), NW}, NE}, NE} Sec. 
6, T. ? N., R. 6 W., in center of negro settle- 
ment, 40-foot hole extending from 12 feet 
above D. advena zone to 8 feet below it. 

215. (Ru. 555), SE}, SE}, SE} sec. 17, T. 8 N., 
R. 8 W., bore-hole atop upper Cane River 
locality, through lower part of chocolate-brown 
clay into greensand marl. 

216. (Ru. 524), 200 yards east of Ru. 523 on 
north side of road, lower part of chocolate- 
brown clay section. 

217. (Ru. 523), SW, NW4, SW3 sec. 2, T. 13 
N., R. 7 W., in lower part of chocolate-brown 
clay section. 

218. (Ru. 511), NW, NW3? sec. 8, Provencal 
Township, D. advena zone. 

219. (Ru. 350), about 2.3 miles south of Hage- 
wood on Louisiana route 39 on side road to 
west about 400 yards, in SW} sec. 8, Provencal 
Township, D. advena zone. 
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CONODONT FAUNA AND DISTRIBUTION OF A LOWER 


MISSISSIPPIAN BLACK SHALE. IN MONTANA 


AND ALBERTA 
CHALMER L. COOPER 


Illinois State Geological Survey, Urbana, Illinois 
AND 
LAURENCE L. SLOSS 


Department of Geology, Montana School of Mines, Butte, Montana 


ABsTRACT.—Fifty-four species of conodonts are recognized in a black shale member 
which occurs at the base of the Lower Mississippian Madison group over a wide area 


extending from Alberta and western North Dakota to southwestern Montana. On 
the basis of the conodont evidence this horizon is correlated within the Kinderhook 


of the Mississippi Valley and adjacent areas. 


STRATIGRAPHY 


HE PRESENCE of a black fissile shale 

below the Lower Mississippian lime- 
stones of the Madison group has been noted 
previously (Perry, 1928, p. 6; Romine, 1929, 
p- 790; Moore, 1931, p. 1171; Deiss, 1936, 
p. 641; Warren, 1937, pp. 454-457; Knechtel 
and Hass, 1938; Sloss and Hamblin, 1942, 
pp. 313, 315) and although a partial faunal 
list was presented by Knechtel and Hass, 
collections from hitherto unknown occur- 
rences make possible a more thorough de- 
scription and analysis of the conodont fauna 
and a discussion of the areal distribution of 
the shale. 

The outcrop collections and stratigraphic 
data discussed in this paper were gathered 
by Sloss in the course of field investigations 
for the Montana Bureau of Mines and Geol- 
ogy during the field seasons of 1938, 1939 
and 1940. Description, analysis, and assign- 
ment of geologic age of the fauna is by 
Cooper. It had been hoped in 1939 that the 
further findings of Messrs. M. M. Knechtel 
and W. H. Hass of the United States Geo- 
logical Survey, could be included with this 
work as a joint paper, but the pressure of 
their other Survey duties has made this im- 
possible. 

Samples in the writers’ collections are 
from the following localities: 

1. Steveville Oil field, Alberta (core from a 
deep well, loaned through the courtesy of 
Professor P. S. Warren, University of Al- 
berta). 

2. Half Moon Canyon, sec. 27, T. 12 N., R. 
18 E., Big Snowy Mountains, Fergus 


County, Montana. 
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3. Boulder Creek, NW} sec. 5, T. 7 N., R. 12 
W., Granite County, Montana. 

4. Head of Swimming Woman Creek, south 
flank of Great House Peak, sec. 32, T. 12 
N., R. 19 E., Big Snowy Mountains, Fergus 
County, Montana. 

5. Jake Creek Canyon, sec. 13, T. 10 S., R. 
33 E., ‘‘Blacktail Range,’ Beaverhead 
County, Montana. : 


The black shale occurrence and its fauna 
in the Little Rocky Mountains have been 
described by Knechtel and Hass (1938). 
Other localities at which the shale was ob- 
served, but which yielded no fossils, are in- 
dicated on the accompanying index map 
(fig. 1). Other occurrences will probably be 
found in the course of more detailed work 
in the northern Rocky Mountain area, as the 
shale seems to be present wherever the lower 
shaly (Paine) beds of the Madison conform- 
ably overlie the Upper Devonian Three 
Forks formation.! Unfortunately, good ex- 
posures of this contact are all too infrequent. 
The black shale member is absent, however, 
in areas such as the Pryor and Big Horn 
Mountains of southern Montana and north- 


1 Since this paper was submitted for publica- 
tion a core sample was made available for study 
through the courtesy of Mr. J. M. Kirby of the 
Standard of British Columbia, from the base of 
the Madison in his company’s MacDougall- 
Segur well in sec. 11, T. 20 N., R. 12 W., Alberta, 
from a depth of 3718-3730 feet. A number of 
conodont species indicate the horizon is the same 
as the sample from locality 1. This is evidence 
confirming the writers’ opinion that the so-called 
‘“‘Exshaw”’ of the Alberta plains should be cor- 
related with the basal Lodgepole shale of Mon- 
tana, rather than with the type Exshaw of west- 
ern Alberta. 
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ern Wyoming, where the Madison rests 
with disconformity on Ordovician strata. 
The black shale varies in thickness from 
about 20 feet in central Montana to over 100 
feet in northwestern North Dakota and 
southwestern Montana. A black shale from 
30 to 600 feet thick, in a similar stratigraphic 
position in the Rocky Mountains of western 
Alberta, but bearing a Devonian brachiopod 
and molluscan fauna, has been described by 
Warren (1937) as the Exshaw shale. No 
megafossils have been found associated with 
the conodonts herein described, but the 
writers propose that this shale member be 
included as the basal unit of the Lower Mis- 
sissippian Madison group for the following 
reasons: 
1. Kinderhook age of the conodont fauna. 
2. Sharp separation from the underlying De- 
vonian, 
3. Gradational transition to the overlying dark 


shales and intercalated limestones of the 
Paine member of the Madison. 
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That the Exshaw shale of Alberta appears 
to be older than the basal Madison shale in 
Montana may be explained by one of two 
hypotheses: 

1. The environment requisite to black shale 
deposition appeared earlier in Alberta than 
in Montana. 

2. The megafauna of the Exshaw is a relic of 
the Upper Devonian preserved through iso- 
lation in the black shale environment which 
excluded the immigration of new forms. 

The presence of Kinderhook conodonts in 

the core from eastern Alberta lends cre- 
dence to the latter hypothesis. The writers 
propose that the basal Mississippian black 
shale of Montana be treated as the lower 
member of the Lodgepole formation of the 
Madison group in Montana. 


FAUNAL DISCUSSION 
The faunal chart lists a total of 54 species, 
identified from samples from outcrops in 
Montana and from the core of a well in the 


L Steveville Field 


“CALGARY 


B.C. ALBERTA 


LEGEND: 
@ Localities of the writers’ conodont collections 
O Other occurrences of basal Mississippian 
block shale 


MONTANA 


© Kevin- Sunburst Field 


SASKATCHEWAN 
MONTANA 


Fic. 1.—Index map showing conodont localities and other basal Mississippian black shale occurrences. 
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FAUNAL CHART 


CHALMER L. COOPER AND LAURENCE L. SLOSS 


Ligonodina delicata Branson and Mehl.............. 
Ligonodina cf. flexuosa Branson and Mehl........... 
Ligonodina gouldi Cooper... 
Ligonodina tenera 


Lonchodina discreta Ulrich and Bassler.............. 
Lonchodina brava 


Ozarkodina regularis Branson and Mehl............. 


Palmatolepis glabra Ulrich and Bassler.............. 
Palmatolepis pectenifera ? Huddle................... 


Polygnathus scapha 
cnmes 


xX 


XxX 
XX 


Report = « Abany S| 
=| 
Bryantodus equalés Cooper... x 
Bryantodus mundus Branson and Mehl.............. 4 x! Ix 
Bryantodus cf. planus Branson and Mehl............ x! Ix! |x 
Bryantodus serrulus x x 
Dinodus granulosus x x 
Euprioniodina prona x! |X x 
Falcodus ultimus (Branson and Mehl)............... x! |X! |x 
Hibbardella divergens x 
Hindeodella aculeata «KIX 
Hindeodella alternidens x x 
Hindeodella ampla Cooper. x 
Hindeodella compressa x 
Hendeodelia conosdes Cooper... . x 
Hindeodella curvidens Cooper... 4 
Hindeodella deflecta x x 
Hindeodella elongata |X x 
Hindeodella germana x x 
Hindeodella grandis x x 
Hindeodella laticlavis Huddle....................... x x 
Hindeodella petsla x 
Hindeodella subtilis Ulrich and Bassler.............. x 


| Arkansas novaculite® 


xX 
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XxX x 
Xx x 
Prioniodina congruens x 
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FAUNAL CHART—Continued 


that 28 came from the core (loc. 1), 20 from 
Half Moon Canyon (loc. 2) and 10 from 
Great House Peak in the Big Snowy Moun- 
tains (loc. 4). The fauna is distinctive in that 
more than 85 per cent of the species can be 
identified as those also found in the Kinder- 


Priontodus alatotdeus x xix 
Priontodus alatotdes Holmes... x 
Siphonognathus cf. sexplicata Branson and Mehl...... x x! |X! |x 
Solenognathus cf. anida x x 
Solenognathus typica Cooper... x x 
Spathognathodus aciedentatus (E. R. Branson)........ x xix 
Spathognathodus altus (Branson and Mehl)........... x x 
Spathognathodus angustus x 
Spathognathodus crassidentatus (Branson and Mehl)... Mi TMK 1X 
Spathognathodus cyrius (Cooper)... x x 
Spathognathodus exochus x x 
Spathognathodus inornatus (Branson and Mehl)....... x XxX 
Spathognathodus macrodus |X x 
Spathognathodus mediocris (Branson and Mehl)....... x x 
Spathognathodus praelongus x 
Spathognathodus strigilis (Huddle).................. x |X 
Subbryantodus grandis x 
xX . 
Synpriontodina plana x x x x 
1 Cooper, 1939. 4 Branson and Mehl, 1934. 7 Ulrich and Bassler, 1926. 
2 E. R. Branson, 1934. 5 Huddle, 1934. 8 Cooper, 1931. 
x 3 Branson and Mehl, 1934. 6 Holmes, 1928. ® Cooper, 1935. 
X 
Steveville Field in Alberta. These are dis- hook formations of the Mississippi Valley 
tributed among 21 genera, although three- and adjacent areas. Only two species, Lon- 
x fifths of the species are classed with four chodina prava Huddle and Palmatolepis pec- 
genera, namely, Bryantodus (4 species), tenifera? Huddle, are previously known ex- 
Hindeodella (13), Ligonodina (5), and Spa- _ clusively from black shales of Devonian age. 
x thognathodus (11). One new genus and eight __ Because the first occurs rarely in the middle 
new species are described. The most re- New Albany and the second, of doubtful 
markable aspect of this northwestern fauna identification, is abundant at the same hori- 
is the exceedingly small number of new spe- _zon, it is assumed that the species range into 
cies found in it. the basal Mississippian shales. Huddle 
The distribution of the 54 species shows (1934), in his study of the New Albany 


shale conodonts, found this to be true of 12 
species. As further work adds to our knowl- 
edge of conodonts, many more species prob- 
ably will be found to cross this systemic 
boundary. It is inconceivable that all of the 
hundreds of conodont species described from 


| 
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Devonian and Mississippian horizons are re- 
stricted to the single formation in which 
they are now known to occur. 

Compared to previously described faunas, 
20 species are known from the pre-Welden 
shale of Oklahoma (Cooper, 1939) and 23 
from the upper New Albany shale of Indi- 
ana (Huddle, 1934). Nine species are known 
from the Bushberg sandstone and scattered 
occurrences of one to five species are known 
from the Grassy Creek and Hannibal shales 
of Missouri, the Hardin sandstone and Chat- 
tanooga shale of Tennessee and Alabama, 
and the Woodford shale and Arkansas 
novaculite of Oklahoma and Arkansas. 

Hass? (1938) in a restudy of the material 
collected by Knechtel from a five-foot dark 
shale at the base of the Lodgepole limestone 
of the Madison group in sec. 5, T. 25 N., R. 
24 E., in the Little Rocky Mountains, found 
that all of the conodonts can be identified or 
compared with previously described species 
from formations in the Mississippi Valley. 
He reported 9 species common with the 
Hannibal, 12 with the Bushberg, 12 with 


2 Personal communication. 
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the Bushberg-Hannibal horizon of Okla- 
homa, 4 with the upper New Albany, 3 with 
the Chouteau and 1 with the Grassy Creek, 

The correlation of these black shales of 
the northern Rocky Mountain area with 
similar horizons in the Mississippi Valley 
seems well established on the conodont evi- 
dence. 


SYSTEMATIC DESCRIPTIONS 
Genus ARCUGNATHUS Cooper, n. gen. 


Bar slender, regularly bowed upward; an- 
terior end denticulated similar to Hindeo- 
della with alternating upright teeth; pos- 
terior denticles strongly inclined backward; 
bar terminating in long slender denticle; no 
main cusp present. 

Genotype, Arcugnathus tenuis Cooper, n. 


sp. 


ARCUGNATHUS TENUIS Cooper, n. sp. 
Plate 29, figure 15 


Bar regularly bowed upward, thin, slen- 
der; denticles on anterior half slender, 
elongate, alternating with two or three 
shorter, more slender ones; denticles on pos- 


EXPLANATION OF PLATE 28 


(All figures magnified 15 times, except as noted) 


Fics. 1—Spathognathodus crassidentatus aa and Mehl), loc. 4. 
. Branson), loc. 1. 
3, 4, 10, 12—Spathognathodus strigilis (Huddle), loc. 1. 
5-—Spathognathodus mediocris (Branson and Mehl), X20, loc. 1. 
r), X20, loc. 1. 
7—Spathognathodus macrodus (Cooper), X20, loc. 1. 
8—Spathognathodus altus (Branson and Mehl), X20, loc. 1. 
9—Spathognathodus inornatus (Branson and 7 loc. 1. 

X20. 


2—Spathognathodus aciedentatus (E. R 


6—Spathognathodus cyrius (Coo 


11, 17—Ozarkodina dera Cooper, loc. 2; 17, 
13—Solenognathus typica Cooper, X20, loc. 
14—Spathognathodus praelo 
15—Prioniodella cunea Hud 


2. 


xa Cooper, sp., loc. 1. 


_16—Spathognathodus exochus 4. 


18, 19, 21, 36—Hindeodella elongata Huddle, locs. 1, 2,4, 5. 
20—Spathognathodus angustus Cooper, n. sp., loc 
22, 32, 33—Hindeodella subtilis U\rich and Bassler, "32, loc. 2; 32, 33; toes. 1,3. 


23—Hindeodella alternidens Huddle, loc. 2. 


24—Euprioniodina prona Huddle, loc. 4 _ pl. 29, fig. 24). 


25—Hindeodella compressa Huddle, loc. 1 
26, 35—Hindeodella petila Coo 
27, 34—Hindeodella deflecta Hibbard, loc. 2. 
28—Hindeodella germana Holmes, loc. 2. 
29—Hindeodella aculeata Huddle, loc. 1. 
30—Hindeodella ampla Cooper, n. sp., loc 


31, 37, 39—Hindeodella grandis Huddle, 31, X10, loc. 1; 37, 39, loc. 2. 


38 —Hindeodella laticlavis Huddle, loc. 4. 


r, 26, loc. 2: 35, X10, loc. 3. 
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) 
“ terior half long, slender, strongly inclined Falcodus conflexus HuppLE, 1934, Bull. Am. 
ward Paleontology, vol. 21, p. 274, pl. 7, fig. 6, upper 
backw Ss New Albany shale. . CooPER, 1939, Jour. 
» Locality 1. Paleontology, vol. 13, p. 387, pl. 47, figs. 26, 


Genus Dinopus Cooper 
DINODUS GRANULOsUs (Huddle) 
Plate 29, figures, 31, 35 
Falcodus? granulosus HuppLe, 1934, Bull. Am 

Paleontology, vol. 21, p. 275, pl. 7, fig. 10; 

upper New Albany shale. 

Tooth V-shaped, bar forming sides of V 
wide, flat, outer edge very finely denticulate, 
inner edge somewhat flanged; denticles at 
bottom of V large, strongly curved, those on 
left bar inclined toward bottom, those on 
right bar toward top; surface finely granulose. 

Locality 2. 


Genus Fa.Lcopus Huddle 
FALCoDUS ULTIMUs (Branson and Mehl) 
Plate 29, figure 1 
Palmatodella ultima BRANSON AND MEHL, 1934, 
Missouri Univ. Studies, vol. 8, p. 292, pl. 23, 
fig. 21, Bushberg sandstone. 


34, 42, 43, 45, 46, 52; pre-Welden shale. 
Falcodus ulttmus. BRANSON AND MEBL, 1938, 
Missouri Univ. Studies, vol. 13, pt. 2, p. 131. 


Genus HINDEODELLA Ulrich and Bassler 
HINDEODELLA AMPLA Cooper, Nn. sp. 
Plate 28, figure 30 

tology, vol. 21, p. 227, pl. 5, fig. 1, upper New 

Bar long, wide, thin, flat on central part 
of aboral side to sharp-edged near posterior 
end; denticles closely spaced, sharp-edged 
laterally, broad at base, tapering rapidly to 
sharp point; one, two or more small denticles 
alternate with larger ones, last on posterior 
end larger than others, directed backward 
almost in line with bar; cusp small, narrow, 
located well back from anterior end. 

Locality 2. 


EXPLANATION OF PLATE 29 
(All figures magnified 15 times, except as noted) 


Fics. 1—Falcodus ultimus Branson and Mehl, loc. 4. (p. 173) 
2—Lonchodus discreta Huddle. loc. 1. (p. 174) 
3—Bryantodus cf. planus Branson and Mehl, loc. 4. (p. 170) 
4—Bryantodus serrulus Huddle, X20, loc. 4. (p. 170) 
5, 36—Palmatolepis glabra Ulrich and Bassler, 5, lateral view, loc. 1; 36, two moulds dose 

aboral view, loc. 3. (p. 170 
6, 7, 11—Prioniodus alatoideus Cooper, 6, 11, X20; loc. 2. (p. 171) 
8—Bryantodus mundus (Branson and Mehl, loc. 2. (p. 170) 
9—Bryantodus equalis Cooper, loc. 1. (p. 170) 
10, 16—Hibbardella divergens Huddle, 16, 20; loc. 1. (p. 170) 
12—Oszarkodina regularis Branson and Mehl, loc. 1. (p. 170) 
13—Lonchodina prava Huddle, X10, loc. 1. (p. 170) 
14—Prioniodina congruens Cooper, n. sp., loc. 3. (p. 174) 
15—Arcugnathus tenuis Cooper, n. gen., X20, loc. 1. (p. 172) 
17—Spathognathodus macrodus (Cooper), X20, loc. 3. (p. 175) 
18——Hindeodella alternata Ulrich and Bassler, loc. 4. (p. 170) 
19—Subbryantodus grandis Cooper, n. sp., loc. 1. (p. 175) 
20—Solenognathus cf. anida Cooper, X20, loc. 2. (p. 171) 
21, 23—Ligonodina delicata Branson and Mehl, loc. 1. (p. 170) 
22—Synprioniodina plana Holmes, loc. 1. (p. 171) 
24—Euprioniodina prona Huddle, loc. 2 (see pl. 28, fig. 24). (p. 170) 
25—Ligonodina sp., loc. 4. (p. 170) 
26—Prioniodus alatoitdes Holmes, loc. 1. (p. 171) 
27—Ligonodina gouldi Cooper, loc. 2. (p. 170) 
28—Ligonodina cf. flexuosa Branson and Mehl, loc. 2. (p. 170) 
29—Ligonodina tenera Cooper, n. sp., loc. 2. (p. 174) 
30—Siphonognathus cf. sexplicata Branson and Mehl, loc. 2. (p. 174) 
31, 35—Dinodus granulosus (Huddle), loc. 2. (p. 173) 
32—Palmatolepis pectenifera? Huddle, loc. 4. (p. 170) 
33—Polygnathus scapha Huddle, loc. 2. (p. 170) 


34—Hindeodella conoides Cooper, n. sp., loc. 2. (p. 
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HINDEODELLA CONOIDES Cooper, n. sp. 
Plate 29, figure 34 


Bar wide, thick, lenticular in section; 
denticles slightly inclined, conical, crowded, 
alternating with one or two slightly smaller, 
similar denticles; cusp about two times size 
of largest denticles; anterior projection un- 
known; posterior projection directed ab- 
orally, denticulated with strongly inclined 
teeth. 

Locality 2. 


Genus LIGONODINA Ulrich and Bassler 
LIGONODINA TENERA Cooper, n. sp. 
Plate 29, figure 29 


Ligonodina delicata E. R. Branson, 1934, Mis- 
souri Univ. Studies, vol. 8, p. 328, pl. 27, fig. 
3, Hannibal formation. ——. Cooper, 1939, 
Jour. Paleontology, vol. 13, p. 390, pl. 45, figs. 
50, 60, 61, pre-Welden shale. 

Ligonodina sp. BRANSON AND MERL, 1934, Mis- 
souri Univ. Studies, vol. 8, p. 290, pl. 23, fig. 
31, Bushberg sandstone. , E. R. BRANSON 
1934, idem., p. 329, pl. 28, figs. 11, 12; Hannibal 
formation. 


Bar thin, flat on aboral side; cusp large, 
long, moderately curved, circular to lenticu- 
lar in section; denticles alternating, becom- 
ing longer, heavier toward posterior end, 
sparse or wanting just back of cusp; projec- 
tion short, thin, with two to four small 
round denticles. 

Locality 2. 

This species differs from the holotype of 
L. delicata Branson and Mehl in the very 
small projection as compared with the size 
on the Grassy Creek species. 


Genus LoncHop1na Ulrich and Bassler 
LONCHODINA DISCRETA Ulrich and Bassler 
Plate 29, figure 2 


Lonchodina discreta ULRICH AND BASSLER, 1926, 
Proc. U. S. Nat. Museum, vol. 68, art. 12, 
p. 36, pl. 10, figs. 1, 2, Hardin sandstone. 
—. Sunes. 1928, idem., vol. 72, art. §, 
p. 26, pl. 9. fig. 13, Chattanooga shale. " 
Cooper, 1935, Jour. Paleontology, vol. 9, 
p. 312, pl. 27, fig. 21, Woodford shale and 
Arkansas novaculite. 

Lonchodina distans HuppLE, 1934, Bull. Am. 
Paleontology, vol. 21, p. 270, pl. 6, fig. 13, pl. 
10, fig. 3, upper New Albany shale. ——, 
Cooper, 1939, Jour. vol. 13, 
p. 392, pl. 46, fig. 69, pre-Welden shale. 
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Genus PRIONIODINA Ulrich and Bassler 
PRIONIODINA CONGRUENS Cooper, n. sp, 
Plate 29, figure 14 


Bar elongate, moderately, regularly 
bowed; denticles straight, slender, elongate, 
discrete, sides parallel except near sharply 
terminated tip; cusp about twice as large as 
denticles, slightly curved and inclined to- 
ward posterior. 

Locality 3. 


Genus SIPHONOGNATHUS Branson and 
Mehl 
SIPHONOGNATHUS SEXPLICATA 
Branson and Mehl 
Plate 29, figure 30 
Siphonognathus sexplicata BRANSON AND MERL, 
1934, Missouri Univ. Studies, vol. 8, p. 296, 
pl. 24, figs. 22, 23, a sandstone. 
Polygnathus newalbanyensis HUDDLE, 1934, Bull. 
Am. Paleontology, vol. 21, p. 287, pl. 8, fig. 
26, upper New Albany shale. 


Genus SPATHOGNATHODUS Branson 
and Mehl 
SPATHOGNATHODUS ACIEDENTATUS 
(E. R. Branson) 

Plate 28, figure 2 
Spathodus aciedentatus E. R. Branson, 1934, 
Missouri Univ. Studies, vol. 8, p. 306, pl. 21, 
figs. 21, 23, Hannibal formation. —— 


Cooper, 1939, Jour. Paleontology, vol. 13, p. 
413, pl. 45, figs. 26, 28, 44, pre-Welden shale. 


SPATHOGNATHODUS ALTUS 
(Branson and Mehl) 
Plate 28, figure 8 
Spathodus altus BRANSON AND MERL, 1934, Mis- 


souri Univ. Studies, vol. 8, p. 275, pl. 22, fig. 
15, Bushberg sandstone. 


SPATHOGNATHODUS ANGUSTUS Cooper, 
n. sp. 
Plate 28, figure 20 


Bar almost straight, thin; escutcheon 
small, subcentral, causing slight flaring of 
bar; denticles closely spaced, fused for ap- | 
proximately half their length, upper half 
tapering to sharp point; denticles near an- 
terior end wider, longer than those on pos- 
terior end. 

Locality 1. 
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SPATHOGNATHODUS CRASSIDENTATUS 
(Branson and Mehl) 
Plate 28, figure 1 


Spathodus crassidentatus BRANSON AND MEHL, 
1934, Missouri Univ. Studies, vol. 8, p. 276, 
pl. 22, figs. 17, 18, Bushberg sandstone. ——. 
E. R. Branson, 1934, idem., p. 303, pl. 27, 
fig. 12, Hannibal formation. . COOPER, 
1939, Jour. Paleontology, vol. 13, p. 413, pl. 45, 
fig. 19, pre-Welden shale. 

Spathodus parvus HUDDLE, 1934, Bull. Am. Pale- 
ontology, vol. 21, p. 276, pl. 7, fig. 16, upper 
New Albany shale. 


SPATHOGNATHODUS CyRIUsS (Cooper) 
Plate 28, figure 6 
Spathodus cyrius Cooper, 1939, Jour. Paleon- 
tology, vol. 13, p. 413, pl. 45, fig. 25, pre- 
Welden shale. 


SPATHOGNATHODUS EXOCHUS (Cooper) 
Plate 28, figure 16 
Spathodus exochus COOPER, 1939, Jour. Paleon- 
tology, vol. 13, p. 413, pl. 45, fig. 30, pre- 
Welden shale. 


SPATHOGNATHODUS INORNATUS 
(Branson and Mehl) 
Plate 28, figure 9 
Spathodus inornatus BRANSON AND MERL, 1934, 


Missouri Univ. Studies, vol. 8, p. 185, pl. 17, 
fig. 23, Grassy Creek shale. 


SPATHOGNATHODUS MACRODUS (Cooper) 
Plate 28, figure 7; plate 29, figure 17 


Spathodus macrodus Cooper, 1939, Jour. Paleon- 
tology, vol. 13, p. 415, pl. 45, fig. 23, pre- 
Welden shale. 


SPATHOGNATHODUS MEDIOCRIS 
(Branson and Mehl) 
Plate 28, figure 5 


Spathodus mediocris BRANSON AND MERL, 1934, 
Missouri Univ. Studies, vol. 8, p. 277, pl. 22, 
fig. 21, Bushberg sandstone. 


SPATHOGNATHODUS PRAELONGUS 
Cooper, n. sp. 
Plate 28, figure 14 


Bar thin, straight, with small escutcheon 
subcentral; denticles very long, crowded to 
fused for two-thirds to three-fourths of their 
length, upper portion tapering gradually to 
sharp point. 

Locality 1. 

Similar to S. rectus (Branson and Mehl) 
but denticles are more crowded and es- 
cutcheon is smaller and more nearly central. 
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SPATHOGNATHODUS STRIGILIS (Huddle) 
Plate 28, figures 3, 4, 10, 12 


Spathodus strigilis HuppLe, 1934, Bull. Am. 
Paleontology, vol. 21, p. 275, pl. 7, fig. 15, pl. 
12, fig. 11, upper and lower New Albany shale. 
——. Cooper, 1939, Jour. Paleontology, vol. 
13, p. 416, pl. 45, fig. 37, pre-Welden shale. 


Genus SUBBRYANTODUS Branson and 
Mehl 
SUBBRYANTODUS GRANDIS Cooper, n. sp. 
Plate 29, figure 19 


Bar elongate, narrow, slightly bowed near 
center; denticles discrete for most of length, 
tapering, round in cross-section, upright on 
anterior end, moderately inclined back of 
cusp; cusp similar to but longer and thicker 
than denticles. 

Locality 1. 
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PARANONION, A NEW GENUS OF FORAMINIFERA 
FROM THE MIOCENE OF VENEZUELA 


L. L. LOGUE anp M. W. HAAS 
Standard Oil Company of Venezuela, Caripito, Venezuela 


ABSTRACT—A new genus, Paranonion, derived from Nonion, and its genotype, 
P. venezuelanum, n. sp., are described from the upper Miocene of Venezuela. 


N THE upper Miocene sections of wells in 
I in the northern part of the State of 
Monagas, Venezuela, there occurs an abun- 
dance of a new foraminifer, whose similarity 
to Nonion and whose ontogenetic develop- 
ment quite definitely place it in the family 
Nonionidae. The genus, because of its direct 
derivation from Nonion, is here named Para- 
nonion. 

Like Nonion, Paranonion is hyaline, 
planispiral, finely perforate and involute in 
the young stages. It differs from Nonion in 
apertural position, type of aperture, and 
tendency to become evolute in the late 
stages. The apertural position is the same 
as in Burseolina, Cristellariopsis, Cushman- 
ella and Eponidella, but the first three of 
these genera have a different type of aper- 
ture, while the last two possess supplemen- 
tary umbilical chambers, a feature which 
Paranonion lacks. 

The aperture of Paranonion is an oval 
opening slightly below the middle of the 
septal face. Only in the most mature speci- 
mens is a lip formed, and in all cases its de- 
velopment is slight. In young specimens the 
aperture is a high arch open to the base of 
the septal face. As the foraminifer matures, 
a thin plate appears, separating the opening 
from the base of the septal face. This plate 
is strengthened from left to right until, in 
the ephebic stage, no vestige remains of the 
original extent of the aperture. The develop- 
ment of the aperture is illustrated by the 
paratypes (pl. 30, figs. 4b, 3b, and 26). In 
figure 2b the aperture has attained its final 
shape, but the plate separating it from the 
base of the septal face is still very thin. The 
paratypes illustrated by figures 4b and 3b 
show a less mature stage in the ontogeny, 
the thin plate thickening from left to right. 
The genotype (pl. 30, fig. 1b) illustrates the 
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mature specimen in which the partial block 
of the aperture and the development of a 
slight lip are completed. 

From the prolific associated fauna, it ap- 
pears that Paranonion frequented a warm, 
shallow; marine habitat. In addition, it was 
found in characteristically shallow marine 
sediments of massive to bedded, soft, fre- 
quently laminated shales. Because this 
genus is known only from its type species, 
there is a possibility that its range in depth 
may be extended as additional new species 
are encountered. . 
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bury, Jr. assisted in the preparation of the 
manuscript. 


SYSTEMATIC DESCRIPTIONS 
Family NONIONIDAE Reuss, 1860 
Sub-family NONIONINAE Schultze, 1854 
Genus PARANONION Logue and Haas, 
n. gen. 


Test minute, planispiral, involute in 
young stages, tending to become evolute in 
last few chambers; wall calcareous, hyaline, 
very finely perforate; aperture in adult an 
oval opening near middle of septal face, in 
young a high arch more or less open to base 
of septal face. Geologic range, upper Mio- 
cene. Warm, shallow, marine water. 

Genotype, Paranonion venesuelanum 
Logue and Haas, n. sp. 

This genus was obviously derived from 
Nonion by tending to become evolute, and 
by the concomitant blocking of the lower 
part of the aperture. 
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PARANONION VENEZUELANUM Logue 
and Haas, n. sp. 
Plate 30, figures 1-4 


Test minute, nearly perfectly planispiral, 
biconvex, biumbonate, thickest in axis, 
completely involute in young stages, tend- 
ing to become evolute in last three or four 
chambers; whorls about two, with eight to 
ten chambers to a whorl; chambers closely 
appressed in earlier stages, becoming slightly 
less appressed in last few chambers; periph- 
ery rounded, slightly lobulate, especially in 
last few chambers; sutures gently curved, 
highly limbate by addition of secondary, im- 
perforate calcareous material; more thick- 
ened toward umbones, often very slightly 
raised; surface smooth, perforate wall ap- 
pearing dark, imperforate exogenous mate- 
rial appearing white; wall calcareous, hya- 
line, very finely perforate; aperture in adult 
a transverse, oval to reniform opening some- 
what below middle of septal face, with 
slightly raised lip; aperture in immature spec- 
imens a transverse oval or high arch, either 
connected with base of septal face or sep- 
arated from it by a thin plate, with slightly 
raised rim. 


L. L. LOGUE AND M. W. HAAS 


Length, or greatest diameter of holotype, 
0.31 mm.; thickness, 0.14 mm. Paratypes 
are slightly smaller. 

Occurrence—Common in the upper Mio- 
cene portion of the La Pica formation jn 
wells drilled in the northern part of the State 
on Monagas, Venezuela. As the La Pica js 
normally covered by continental Pliocene 
and Pleistocene deposits in this region, oc- 
currences in outcrops have never been 
found. In the sample in which it was originally 
discovered Paranonion venesuelanum is as- 
sociated with Rotalia beccarii var. sobrina, 
Haplophragmoides sp., Eggerella? sp., sponge 
spicules, Spirorbis? sp., unidentifiable small 
pyritized pelecypod casts, Laevidentalium 
sp., fragments of an ophiuroid vertebral os- 
sicle, Cytherella sp., otoliths, and a fish tooth. 

Types.—Holotype, U. S. Nat. Mus. 
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A NEW ASTEROID FROM THE JURASSIC 
OF CENTRAL WYOMING 


A. K. MILLER anp A. G. UNKLESBAY 
State University of Iowa, Iowa City, Iowa 


pecten péwét is proposed for it. 


ABSTRACT—A unique asteroid from the Sundance formation of the Owl Creek 
Mountains is illustrated and described in this paper, and the specific name Astro- 


STEROIDS, though perhaps more persist- 
A ent than any other group of echino- 
derms, are rather rare as fossils. Although 
a considerable variety of forms is known 
from the Jurassic of Great Britain and con- 
tinental Europe, only two finds have been 
reported previously from contemporaneous 
strata in the United States. 

Long ago, Whitfield (1880) described as 
Asterias? dubium three poorly preserved 
specimens crowded together on a small block 
of red Jurassic sandstone from the Black 
Hills of South Dakota. Whitfield’s illustra- 
tion and description were subsequently re- 
published by Clark (1893) and by Clark and 
Twitchell (1915), but little additional in- 
formation is given by these later authors. 
In 1900 Logan illustrated and ‘briefly de- 
scribed another poorly preserved specimen 
from “‘bluish” Jurassic shale in the Freeze- 
out Hills of southeastern Wyoming. He 
referred this specimen to Whitfield’s species, 
but neither his illustration nor his descrip- 
tion indicates that his identification is cor- 
rect. As a matter of fact, both Whitfield’s 
and Logan’s specimens seem to be so poorly 
preserved that even their generic affinities 
cannot be determined with certainty, nor 
can satisfactory comparisons be made with 
the specimen on which the present report is 
based. This latter specimen was found by 
Mr. Troy L. Péwé during the summer of 
1941 in the Sundance formation of the Owl 
Creek Mountains of central Wyoming. Al- 
though its preservation leaves much to be 


desired and only its ventral side is exposed, 


it seems to be referable to the genus Astro- 
pecten, and to represent a new species which 
we are naming in honor of its discoverer. 


ASTROPECTEN PEWEI Miller and 
Unklesbay, n. sp. 
Plate 30, figure 5 


The holotype is rather small, and its over- 
all diameter is estimated to have been about 
35 mm. The length of the arms measures 
about 15 mm., and the diameter of the disk 
about 7 mm. At their junction with the disk, 
the arms are about 5.5 mm. wide. Their 
margins are essentially straight, and the 
arms taper gradually and regularly through- 
out their entire length. 

Although some of the arms are slightly 
curved, the best-preserved arm is essentially 
straight. This arm consists primarily of four 
distinct rows of plates or ossicles. The outer 
two of these rows probably are superomar- 
ginal plates, as the inferomarginals seem to 
have been eroded away. The inner two rows 
in this arm apparently are ambulacral ossi- 
cles, and near the proximal end of the arm 
are the remains of what we believe to be 
adambulacral plates. There are approxi- 
mately 20 marginal plates on each side of 
this arm. Both supero- and inferomarginals 
are visible on each side of the proximal por- 
tion of the slightly crushed arm in the lower 
right part of plate 30, figure 5. 

Modern representatives of this genus bear 
numerous spines in association with the 


EXPLANATION OF PLATE 30 


Fics. 1-4—Paranonion venezuelanum Logue and Haas, n. sp. 1, holotype, mature specimen; 2-4, para- 
types, immature specimens showing apertural development; a and ¢, lateral views; }, aper- 


tural view. All figures by Dr. J. J. Galloway; 100. 


(p. 178) 


5—The a of Astropecten péwéi Miller and Unklesbay, n. sp., from the Sundance for- 
mation in the 


extreme western part of the Owl Creek Mountains of Wyoming, X4. (p. 179) 
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marginal plates, but in the specimen under 
consideration, no trace of such spines is dis- 
cernible. The numerous small circular struc- 
tures visible in the large depression near the 
center of the disk of this specimen almost 
certainly represent the bases of small dorsal 
spines. 

Remarks.—The genus Astropecten, as now 
interpreted, includes a variety of living spe- 
cies and a considerable number of fossil 
forms. The latter range back to the Lower 
and Middle Jurassic of England, the Middle 
Jurassic of continental Europe, and the 
Cretaceous of South America. The majority 
of the Mesozoic species that have been es- 
tablished are based on dissociated plates, 
but a few of the English Jurassic forms are 
remarkably well preserved, as are some of 
those known from the Tertiary. 

The specimen on which the present study 
is based is the first representative of the 
genus Astropecten to be described from the 
Mesozoic of the United States. It does not 
seem to be particularly similar to any of the 
congeneric forms known from Europe, but 
inasmuch as only the ventral side of it is 
visible, satisfactory comparisons are not pos- 
sible in all cases. In the syntypes of Asterias? 
dubium Whitfield, which also came from the 
Sundance formation, the arms are relatively 
long and slender. 

Occurrence—The above-described speci- 
men came from a buff arenaceous fossilifer- 
ous limestone approximately 75 feet above 
the base of the Sundance formation about 
3 miles south of Red Peak and 1 mile east 
of Red Creek, in the extreme western part 
of the Owl Creek Mountains of Wyoming. 
The Sundance is about 360 feet thick at this 
locality. 


A. K. MILLER AND A. G. UNKLESBAY 


MANUSCRIPT RECEIVED BY THE EDITOR Marcu 8, 1942. 


Repository.—State University of Iowa, 
2149, 


REFERENCES 


CiarK, W. B., 1893, The Mesozoic Echinoder- 
mata of the United States: U. S. Geol. Survey 
Bull. 97, pp. 1-207, pls. 1-50 

CiarK, W. B., and M. W., 1915, 
The Mesozoic and Cenozoic Echinodermata of 
the United States: U. S. Geol. Survey Mon. 54, 
pp. 1-341, pls. 1-108. 

FrAAS, EBERHARD, 1886, Die Asterien des 
weissen Jura von Schwaben und Franken mit 
Untersuchungen iiber die Structur der Echino- 
dermen und das Kalkgeriiste der Asterien: 
Palaeontographica, Bd. 32, pp. 227-261, pls. 
29, 30. 

Loan, W. N., 1900, The stratigraphy and inver- 
tebrate faunas of the Jurassic formation in the 
Freéze-out Hills of Wyoming: Kansas Univ. 
Quart., ser. A, vol. 9, pp. 109-134, pls. 25-31. 

MERCIER, JEAN, 1935, Les stellérides mésozoiques 
du bassin de Paris (bordure occidentale): Soc. 
Linn. Normandie Mém., n. sér., vol. 1, fasc. 
2, mém. 3, pp. 1-66, pls. 1-3. 


VALETTE, AURELIEN, 1929, Note sur quelques 
stellerides jurassiques du Laboratoire de Gé- 
ologie de la Faculté des Sciences de Lyon: 
Univ. Lyon Trav. Lab. Géol., fasc. 16, mém. 
13, pp. 1-39, pls. 1-5. 

, 1929, Note sur une nouvelle espéce d’As- 

tropecten du Bathonien du Tremblay (Niévre): 

— “y France Bull., sér. 4, tome 29, pp. 

415-418. 


WHITFIELD, R. P., 1880, Paleontology of the 
Black Hills of Dakota: In Newton and Jen- 
ney’s Report on the geology and resources of 
the Black Hills of Dakota: U. S. Geog. and 
Geol. Survey Rocky Mtn. Region, pp. 325- 
468, pls. 1-16. 

WriGuT, THOMAS, 1863-1880, A monograph on 

the British fossil Echinodermata of the Oolitic 

formations; Volume II.—The Asteroidea and 

Ophiuroidea: Palaeontographical Soc., vol. 15, 

pp. 1-130, pls. 1-12 [1863]; vol. 18, pp. 131- 

154, pls. 13-18 [1866]; vol. 34, pp. 155-203, 

pls. 19-21 [1880]. 


|_| J 

ex 
ti 
cI 
a 
fc 
0 
v 
r 
] 
1 
( 


wa, 


JOURNAL OF PALEONTOLOGY, VoL. 17, No. 2, pp. 181-195, pL. 31, 6 TEXT FIGS., MARCH, 1943 


THE PENDLETON FORMATION, LOUISIANA AND TEXAS 


RICHARD WASEM anp LOUIS J. WILBERT, JR. 


School of Geology, Louisiana State University, Baton Rouge 


ApsTRaAcT—The name Pendleton formation is proposed for the lower Eocene sedi- 
ments outcropping around the southern margin of the Sabine uplift in Louisiana and 


Texas which have been referred to previously as the Pendleton faunal unit. Map- 
pable marine bedsoccur at both the top and bottom of this unit and furnish definite 
limits for the formation. Three characteristic lithologic sequences occur within 
the formation and these are set up as members. Also three faunal zones, closely agree- 
ing with the lithologic members are defined. Further evidence supporting the cor- 
relation of this formation with the Tuscahoma formation of Alabama is presented. 
A strike section, into which are projected the major stratigraphic sequences along 
the formation outcrop, showing the lateral variation in sedimentation, and a range 


chart showing the distribution of the more important fossil species are included. 


INTRODUCTION 


ees geological work indicated that a 
large structural dome, the Sabine uplift, 
exists in northwestern Louisiana and eastern 
Texas. On this uplift is exposed a thick sec- 
tion of lower Eocene sediments which out- 
crops over its crest and around its southern 
margin. Although most of these sediments 
are barren a few fossiliferous exposures were 
found at an early date on the southern flank 
of the uplift and correlations were made 
with the marine Wilcox of Alabama. As a 
result of these correlations all of the lower 
Eocene sediments in this region were 
mapped as undifferentiated Sabine (Wil- 
cox).! 

The published results of field work by the 
Louisiana Geological Survey in 1939 and 
1940 have shown that several lithologic se- 
quences or cycles of sedimentation can be 
mapped and that mappable fossiliferous 
marine beds occur within each cycle or 
subdivision of this lower Eocene section. 
LeBlanc (1941) noted the presence of Mid- 
way fossils in the lower portion of the for- 
merly “undifferentiated Wilcox” and Barry 
(1941) subdivided the Sabine (Wilcox) into 
three faunal units named (oldest to young- 
est) Marthaville, Pendleton, and Sabine- 


1 The writers have no desire to enter into a dis- 
cussion of the relative merits of the terms Sabine 
and Wilcox. For a thorough discussion of the 
two terms see Howe (1933). Although the name 
Sabine is used by the Louisiana Geological] Sur- 
very, the name Wilcox is in general usage outside 
the State, and this group of lower Eocene sedi- 
ments, therefore, will be referred to as the 
Sabine (Wilcox) in this paper. 
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town after localities where fossiliferous ex- 
posures had long permitted correlation with 
the Alabama section. 

The recognition of these subdivisions has 
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Fic. 1—Index map showing areas covered 
in figures 3 and 5, 


permitted more detailed geological mapping 
and the writers’ field work within the out- 
crop area of the Pendleton faunal unit in 
Sabine Parish, Louisiana and Sabine Coun- 
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ty, Texas (see fig. 1) shows that this faunal 
unit consists of mappable lithologic se- 
quences which are characterized by fossil- 
iferous marine beds. It is the purpose of this 
paper to more accurately define the beds 
containing the Pendleton fauna, to analyze 
this fauna, to define and describe the bio- 
stratigraphic zones within these beds, and 
to assign them formational rank. 

The writers are grateful to J. L. Woods 


Fic. 2—Outcrop of the Pendleton formation at its type locality at the old Pendleton Ferry. Photo by 
Alec Osanik. 


for permission to publish information gained 
while in the employ of the Brownwoods Oil 
Corporation. 

Identification of fossils and establishment 
of faunal zones was aided by the use of iden- 
tified collections made by J. O. Barry and 
R. J. LeBlanc, former graduate students of 
Louisiana State University, who have done 
recent work in this area. Mr. LeBlanc was of 
special assistance in solving certain strat- 
igraphic problems and in identifying a num- 
ber of fossil species. 

The writers wish to express their apprecia- 
tion to Dr. H. N. Fisk, Associate Professor 
of Geology, who directed their work, and to 
Dr. H. V. Howe, Director of the School of 
Geology, Louisiana State University, who 
checked the identification of the Ostracoda 
listed, 


THE PENDLETON FORMATION 


The Pendleton formation, from 275 to 300 
feet thick, includes the strata occurring be- 
tween the base of the first marine sand 
above the Marthaville faunal unit as estab- 
lished by Barry (1941) and the base of the 
first marine sand (Pierson glauconite?) of the 
Sabinetown faunal unit.* 

The classic fossiliferous exposure at old 
Pendleton Ferry, Sabine County, Texas, is 


selected as the type locality of the Pendleton 
formation (see fig. 2). This outcrop is par- 
ticularly well suited to serve as the type 


2 The term Pierson glauconite was first used in 
the field notes of Mr. Justin Rukas, Louisiana 
Geological Survey, as a name for the glauconitic 
sands cropping out near the railway station of 
Pierson, just north of the town of Natchitoches, 
Louisiana. The name is applied in this paper to 
the westward extension of this bed through west- 
ern Louisiana and into Sabine County, Texas 
(see S, on fig. 5). 

3 Barry (1941) set up three faunal units in the 
Sabine (Wilcox) of Louisiana. Barry and Le- 
Blanc (1942) recognize the Marthaville beds as a 
formation, almost coincident with the “tare 
established Marthaville faunal unit, whereas the 
Pendleton and Sabinetown beds retain the rank of 
faunal units. The authors of this paper accept 
the usage of Marthaville as a formation, and give 
formation rank to the Pendleton beds. The Sa- 
binetown alone remains a faunal unit (see fig. 6). 
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locality because it is well known, because it 
contains a distinctive fauna which can be 
correlated regionally, and because it occu- 
pies a stratigraphic position near the center 
of the section of the Pendleton formation. 
The following beds are exposed at the old 
ferry landing, one-fourth mile upstream from 
the present Sabine River Bridge connecting 
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bama. Since that time many authors have 
noted this outcrop and referred to it in their 
writings. Plummer (1933) included the 
Pendleton Ferry beds along with the fos- 
siliferous outcrops at Sabinetown, Texas, in 
his Sabinetown formation, which he cor- 
related with the Bashi formation of Ala- 
bama. Howe and Garrett (1934) on the basis 
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Texas Highway 21 and Louisiana Highway 
6. The stratigraphic position of this section 
is shown on figure 4, column 9. 


Type section of Pendleton formation 


Feet 
Clays, dark, thin-bedded and silts, sandy. 15 
Concretionary ledge. .................. 2 
Sand, fossiliferous, glauconitic with pipe- 
like limonitic nodules, concretions at 
5 
Clay, wavy, lignitic alternating with silt, 


The outcrop at Pendleton Ferry has 
aroused the interest of geologists since Har- 
ris and Veatch (1899) first observed fos- 
siliferous beds there. They collected and 
analyzed this fauna, and correlated it with 
that of the Tuscahoma formation of Ala- 


Fic. 3—Distribution of the Pendleton formation in eastern Texas and western Louisiana. 


of Ostracoda, and Barry (1941) on the basis 
of extensive molluscan collections reaffirmed 
Harris’ original correlation of the Pendleton 
Ferry beds with the Tuscahoma formation. 
The work of the authors of this paper also 
supports this correlation. 

The Pendleton formation outcrops along 
the southern edge of the Sabine uplift in a 
well-dissected highland region of consider- 
able topographic relief. Elevations vary 
from 120 feet on Sabine River to over 400 
feet in Sabine County, Texas, and through- 
out the entire region tributary streams have 
eroded valleys and exposed excellent sec- 
tions of these lower Eocene sediments. 

The Pendleton beds can be traced east- 
ward and westward from Sabine River, and 
their outcrop exhibits a pronounced change 
in strike (see fig. 3) which reflects the struc- 
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ture of the Sabine uplift. The regional dip, 
measured from surface exposures is approxi- 
mately 75 feet per mile and is everywhere 
away from the crest of the uplift. Subsur- 
face studies show that a few miles south of 
the outcrop area, dip of the basal beds of 
the Sabine (Wilcox) group steepens to over 
200 feet per mile and the overlying Sabine 
(Wilcox) section thickens more than 1,000 
feet in 12 miles. The monocline associated 
with this increase in dip may have been con- 
nected with the doming of the Sabine uplift 
which Moody (1931) believes had its incep- 
tion during lower Eocene time. 

The sediments of the Pendleton formation 
are mainly nonmarine with a few inter- 
bedded shallow-water marine fossiliferous 
sands. The association of these types of 
sediments indicates deposition near the 
coastline of a deltaic plain and the thickness 
of the subsurface section south of the out- 
crop also denotes this type of deposition. 
Fisk (1941) believes that two main centers 
of lower Eocene (Wilcox) deltaic deposition 
were active in the Gulf Coast, one in the 
western Mississippi and eastern Louisiana 
region, and the other in east-central Texas. 
If such were the case, the Sabine River area 
during Wilcox time was located between 
two flanking deltas. This hypothesis is sup- 
ported by the constant thickness of the for- 
mation, by the frequent and widespread 
occurrence of marine beds within the forma- 
tion, and by the absence of thick channel 
sands which characterize deltaic centers. 

The Pendleton formation is typically de- 
veloped along Sabine, River but it is best 
exposed over a wide area drained by two 
Louisiana tributaries of this stream, Bayou 
Lenann and Slaughter Creek, and in this 
region of extensive exposures the formation 
has been subdivided into three members. 
These are (oldest to youngest) Bayou 
Lenann member, Slaughter Creek member, 
and High Bluff member. 


Bayou Lenann member.—The Bayou Len- 
ann member is typically exposed on Bayou 
Lenann, sec. 12, T. 6 N., R. 13 W., Sabine 
Parish, Louisiana (see loc. 8; also fig. 4, 
column 18). The outcrops at this locality 
are both in the stream bank and along the 
road leading to the stream. The following 
section is exposed: 


Section on Bayou Lenann 


Bayou Lenann member Feet 
Silts, lignitic, thin bedded............ 15 
Sand 20 


10 


Marthaville formation 


Clay, blocky, black to water level (con- 
tains microfossils, may have macro- 
fossils below water level)............ 5 


The basal bed of this member is a glau- 
conitic, fossiliferous, marine sand. Concre- 
tions are present in its upper portion and 
are readily traceable over a large portion of 
the area of outcrop. Concretions are also 
present in the overlying 45 feet of lignitic 
silt and 20 feet of sand. The uppermost 15 
feet of this member is very lignitic silt 
which may grade laterally into thin seams 
of lignite. The total thickness of the mem- 
ber is approximately 90 feet. 

Slaughter Creek member—The Slaughter 
Creek member is typically exposed along the 
banks of Slaughter Creek, Sabine Parish, 
Louisiana. An especially good section out- 
crops in a steep bluff near the headwaters of 
this stream in the southwest corner sec. 26, 
T.6N., R. 13 W., where the following section 
of the Slaughter Creek member is exposed 
(see also fig. 4, column 13): 


Section on Slaughter Creek 


Slaughter Creek member Feet 
Beulah Church glauconitic sand, spar- 

ingly fossiliferous.................. 1 
6 
Stone Coal Bluff lignite............. 0.5 
Sand, locally cross bedded, with silt 


Clay, black, lignitic, locally fossiliferous 20 

Sand, glauconitic, fossiliferous with 
ipe-like, limonitic nodules to water 


This member has a total thickness of 
about 60 feet. The basal glauconitic sand 
with abundant pipelike, limonitic nodules is 
the best mappable unit of the Pendleton 
formation. It is the basal fossiliferous bed 
exposed at Pendleton Ferry, and it is also 
well exposed on Slaughter Creek at localities 
4 and 5. This sand is overlain locally by 15 
to 20 feet of fossiliferous clay including at 
some places a sparingly fossiliferous glau- 
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conitic sand in its upper part. The overlying 
20 feet of nonfossiliferous sand contains 
large calcareous concretions at many out- 
crops. 

The Stone Coal Bluff lignite is named 
from its outcrop at Stone Coal Bluff on the 


' Sabine River (see fig. 4, column 11). It 


varies in thickness from 1 to 6 feet, occupies 
a constant stratigraphic position, and has 
been traced for 14 miles along the strike of 
the formation. 

The Beulah Church lentil is present at the 
base of 36 feet of lignitic silts, clays, and 
sandy silts lying above the lignite. It con- 
sists of 2 to 4 feet of glauconitic sparingly 
fossiliferous sand, it is well developed at the 
type locality of the Slaughter Creek member 
(see fig. 4, columns 11-16), but has been 
recognized only near Sabine River. The lig- 
nitic silts in the upper portion of the over- 
lying beds grade laterally into thin seams of 
lignite. 

High Bluff member—The High Bluff 
member is typically exposed at High Bluff 
on Sabine River in an excellent outcrop 
first described by Veatch (1902). It attains a 
thickness of approximately 130 feet and its 
stratigraphic relations are shown on figure 
4, column 12. At its base is a fossiliferous, 
glauconitic sand, four feet thick, the two 
best exposures of which are on the banks of 
Coal Mine Creek (loc. 1, fig. 5), and on the 
Many-Pendleton road (Louisiana Highway 
6) near Beulah Church (loc. 2, fig. 5). This 
bed is not well known elsewhere, but a glau- 
conitic, nonfossiliferous sand occupies a 
comparable stratigraphic position both east 
and westof the Sabine River area. The basal 
glauconite is succeeded by a widespread 
sand 10 feet thick containing flat, calcareous 
concretions. Above this occurs 65 feet of thin 
bedded lignitic silts and sands at High 
Bluff and a thin, lenticular bed of lignite is 
present near the top of this section. The 
uppermost portion of the High Bluff mem- 
ber consists of cross-bedded sands 25 to 30 
feet thick, gradational with underlying beds, 
and deeply weathered to dense, limonitic 
sand blocks at the type locality, but ex- 
tensive, fresh exposures occur across the 
Sabine River in Sabine County, Texas. 

The upper sands of the Pendleton forma- 
tion are overlain by the basal, glauconitic, 
sparingly fossiliferous sand of the Sabine- 
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town faunal unit, the Pierson glauconite. 
This bed weathers to a red, ferruginous, 
sandy clay, which is easily recognized and 
traced over long distances. 


STRATIGRAPHIC RELATIONS 


The limits and divisions of the Pendleton 
formation were based on detailed stratigraph- 
ic and paleontologic studies made near 
Sabine River. Later, this formation and its 
members were traced westward across Sa- 
bine County, Texas and eastward to the Red 
River in Natchitoches Parish, Louisiana. 
Figure 4 shows diagrammatically the strat- 
igraphic relationships, the outcrop thick- 
ness of each lithologic unit, and the lateral 
changes in the sediments of the Pendleton 
formation in eastern Texas and western 
Louisiana. The locations of the sections 
which were examined are,shown in figure 3. 


FAUNA 


The marine beds of the Pendleton forma- 
tion carry a fauna that can be distinguished 
from the faunas present in other parts of the 
Sabine (Wilcox) group. The fossils occur 
typically in glauconitic marine sands at the 
base of each of the lithologic members, and 
in certain other marine lentils within the 
Slaughter Creek member. 

The larger fossils may occur as well pre- 
served shells or as casts or molds. The casts 
in slightly weathered sands are commonly 
inclosed in ironstone concretions. Foramini- 
fers, ostracodes, and a restricted molluscan 
fauna occur in the clays which locally over- 
lie the basal marine sand of the Slaughter 
Creek member. 

Figure 5 shows the geographic distribu- 
tion of the known fossil localities of the 
Sabine (Wilcox) group in the Sabine area. 
Detailed locality descriptions of the best 
fossiliferous outcrops are included in the 
locality list at the end of this paper, and 
their faunas are presented on the check list. 

The usual Tertiary invertebrate fossil 
groups are represented in the Pendleton for- 
mation. A number of species of the foraminif- 
eral genera Ammobaculites, Haplophrag- 
moides, Robulus, Nonion, Bulimina, Uvi- 
gerina, Globulina, Anomalina, and Discorbis, 
are present but most of the species are unde- 
scribed. Ostracodes are common, but it is 
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Fic. 5—Fossil localities of the Pendleton formation in eastern Texas and western Louisiana. 


beyond the scope of this paper, however, to 
establish the value of these microfossils for 
detailed correlation. They may prove to be 
of considerable stratigraphic importance in 
surface and subsurface studies, and should 
be made the object of further study. 

Cephalopods and echinoids are rare, and 
therefore of little value in the field recog- 
nition of zones. 


Pelecypods, gastropods, and corals are 
the most abundant and characteristic fossils 
of the formation, and are the basis of the cor- 
relations herein discussed. 

The Pendleton assemblage is so closely 
related to the Tuscahoma fauna of Alabama 
that there appears to be no doubt of their 
equivalence. Turritella praecincta, Nuculana 
corpulentoidea, and Fissurella alabama are all 


EXPLANATION OF PLATE 31 . 
Fics. 1—Ostrea multilirata Conrad. Exterior of right valve (L. S. U. Paleo. Mus. hypotype 5115), loc. 


30 of Barry and LeBlanc (6), X0.5. 


2—Ostrea thirsae (Gabb). Exterior of right valve (L. S. U. Paleo. Mus. hypotype 5603), loc. 


Mi, X1.3. 


3—Haimesiastraea conferta Vaughan. (L. S. U. Paleo. Mus. hypotype 5602), loc. Mi, X2.7. 


4—Cardium toumeyi Aldrickh var. Exterior of left valve (L. S. U. Paleo. Mus. hypotype 5188), 


- foc. 1, <1. 


5—Turritella mortoni postmertoni Harris. Apertural view (L. S. U. Paleo. Mus. hypotype 6017) 
Specimen from Bell’s Landing on the Alabama River, Alabama, 0.95. 
6—Nuculana corpulentoidea (Aldrich). Exterior of right valve (L. S. U. Paleo. Mus. hypotype 


5065), loc. 3, X2.4. 


7—Turritella praecincta Conrad. Apertura] view (L. S. U. Paleo. Mus. hypotype 5605), loc. 5, 


1.2. 


8—Venericardia densata pendletonensis Gardner and Bowles. Exterior of left valve (L. S. U. Paleo. 


Mus. hypotype 5601), loc. 5, 1.2. 


9—Venericardia bashiplata Gardner and Bowles. Exterior of right valve (L. S. U. Paleo Mus. 
hypotype No. 4996), Woods Bluff, Alabama, 0.86. : 
10—Venericardia sabinensis Barry. Exterior of left valve (L. S. U. Paleo. Mus. topotype 5604), 


loc. 1, X1.2. 
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restricted to the Tuscahoma in Alabama and 
to the Pendleton in Louisiana. Numerous 
other species, such as Turritella mortoni 
postmortoni, Calyptraphorous trinodiferus, 
Hemisurcula silicata, Levifusus supraplanus, 
etc., are common to both formations, though 
' not restricted to either one. Approximately 
65 per cent of the Pendleton species have 
been reported from the Tuscahoma. 

Index species ——Certain molluscan genera, 
because of their rapid evolution and wide- 
spread occurrence have long been used for 
correlation purposes in the Gulf Coast. Fore- 
most among these are Ostrea, Venericardia, 
and Turritella. 

Species of these genera are among the 
most diagnostic and characteristic fossils 
of the Sabine (Wilcox) in the Sabine uplift 
area. These species are: Ostrea thirsae, O. 
multilirata, Venericardia densata pendle- 
tonensis, V. sabinensis, V. bashiplata, Turri- 
tella mortoni postmortont, and T. praecincta. 

In addition, work in the Sabine area has 
shown the important stratigraphic value of 
three other fossils, namely Nuculana corpu- 
lentoida, Cardium toumeyi var., and Hai- 
mesiastraea conferta. 

Enough is known about the occurrence of 
these species, either from the observations 
by the authors, or from the work of Barry 
and LeBlanc (1942) to establish their 
ranges. Their stratigraphic relationships are 
shown on figure 6,‘ and they are illustrated 
on plate 31. 


ZONES OF THE PENDLETON FORMATION 


Three of the previously mentioned char- 
acterizing species of the Sabine (Wilcox) 
group exhibit peculiarities in their teilzones® 
which make it possible for them to be used 
as index species for three biostratigraphic 
zones in the Pendleton formation. 

The zones are: 

Cardium toumeyi zone—Bayou Lenann 

member. 


‘The range of individual species is extended 
through the nonmarine beds to the top of a mem- 
ber if the species occurs in the uppermost fos- 
silferous bed of that member. Such arbitrary ex- 
tension is indicated by a dashed line on figure 6. 

5 Teilzone refers to the complete range of a 
species in any local area. For a thorough discus- 
sion of teilzone, zone, etc., see Arkell (1933). 
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Nuculana corpulentoidea zone—Slaughter 

Creek member. 

Venericardia sabinensis zone—High Bluff 

member. 

Cardium toumeyi zone-——The Cardium 
toumeyi zone occupies a very limited strat- 
igraphic thickness, not exceeding 12 feet, 
at the base of the Bayou Lenann member. 
It can be traced definitely from Sabine to 
Red River. 

This zone has several diagnostic features. 
Cardium toumeyi, which ranges from some- 
where in the Marthaville to the top of the 
Pendleton, occurs abundantly, comprising 
nearly three-fourths of the fauna. There is a 
notable absence of the smaller mollusca 
usually present in the Pendleton fossil beds. 
Also, in contrast to the usual occurrence of 
fossils in this region the fauna of the Car- 
dium zone is widely scattered through the 
glauconitic sand, and is not concentrated 
in fossiliferous lenses. 

Nuculana corpulentoidea zone.—This zone 
occupies the basal portion of the Slaughter 
Creek member and includes the fossiliferous 
beds at Pendleton Ferry (loc. 3). Marine 
lentils occur stratigraphically above the 
Pendleton Ferry beds in the vicinity of the 
Sabine River and the zone is expanded to 
include these lentils, for their fauna is in- 
distinguishable from that of the persistent 
bed below (see fig. 6). 

The Nuculana corpulentoidea zone may be 
recognized by the following criteria: 

1. It is definitely identified by the pres- 
ence of N. corpulentoidea or Turritella prae- 
cincta, both of which are restricted to this 
zone. 

2. Its varied fauna distinguishes it from 
the Cardium zone. 

3. The presence of Venericardia densata 
pendletonensis also distinguishes it from 
fossiliferous beds of the High Bluff member. 

Venericardia sabinensis zone——The fos- 
siliferous beds at the base of the High Bluff 
member comprise the Venericardia sabinen- 
sts zone which has been recognized only in 
the Slaughter Creek area. In spite of its 
apparent limited areal extent, this zone is a 
distinctive unit, and it is of unquestionable 
local stratigraphic value. It can be distin- 
guished readily by the presence of V. sa- 
binensis (usually very abundant) and by the 
absence of V. densata pendletonensis, so 
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characteristic of the other Pendleton hori- 


zons. 
SUMMARY AND CONCLUSIONS 


1. The establishment of the Pendleton 
formation as a definite mappable unit of the 
lower Eocene (Wilcox) group permits more 
accurate differentiation of this compara- 
tively little studied group of thick deltaic 
sediments. 

2. The fact that these beds have been 
traced for approximately 50 miles along the 
strike demonstrates their widespread dis- 
tribution and suggests the probability that 
this formation and its members may be 
recognized in subsurface studies. 

3. The presence of diagnostic fossils in the 
marine beds of the Pendleton formation per- 
mits the zoning of the sediments and sub- 
stantiates the regional correlations made by 
earlier authors. 


DESCRIPTION OF LOCALITIES® 


Sabinetown Formation 


S; (L. S. U. Paleo. Mus. Loc. No. 1777)— 
Bluff } mile downstream from Sabinetown Ferry, 
on the Sabine River, Sabine County, Texas. 


Pendleton Formation 
High Bluff Member ~ 


1 (L.S. U. Paleo. Mus. Loc. No. 1767)—Stream 
bank in NW cor., NW3, SW3, sec. 3, T. 5 N., R. 
13 W., Sabine Parish, Louisiana. Fossils collected 
from bluish gray or oxidized brown glauconitic 
sands. Locality 41 of Barry and LeBlanc (1942). 

2 (L. S. U. Paleo. Mus. Loc. No. 1859)—In 
roadcut of Louisiana Highway 6, 50 yds. west of 
intersection with local road to south, W}, NE}, 
sec. 26, T. 6 N., R. 13 W., Sabine Parish, Lousi- 
ana. Numerous casts (principally Venericardia 
sabinensis) collected from glauconitic sand near 
top of the roadcut. 

Slaughter Creek Member 

3 (L.S. U. Paleo. Mus. Loc. No. 1766)—About 
} mile upstream from bridge (on Louisiana High- 
way 6) over Sabine River, Sabine County, Texas. 
This is the Pendleton Ferry locality of Harris and 
Veatch (1899). 

4 (L. S. U. Paleo. Mus. Loc. No. 1860)—In 
stream bed of Slaughter Creek, just off Mr. Ben 
Sibley’s field, NW}, SE}, sec. 34, T. 6 N., R. 
13 W, Sabine Parish, Louisiana. Well preserved 
mollusks in glauconitic sand, outcropping con- 
tinuously for about 100 yards in the stream bot- 
tom or on the adjacent banks. 


® Only those localities which exhibit good repre- 
sentative faunas are given locality numbers and 
listed here. 
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5 (L. S. U. Paleo. Mus. Loc. No. 1861)—On 
stream bank, 250-300 yards. above locality 4, 
on small southwest flowing tributary of Slaughter 
Creek, NW}, NE}, SE}, sec. 34, T. 6 N., R. 13 
W., Sabine Parish, Louisiana. Well preserved 
mollusks. 

6 (L. S. U. Paleo. Mus. Loc. No. 1862)—On 
old abandoned road where it approaches Tar 
River, 4 mile south of Many, in center NE}, 
SW3, sec. 27, T. 7 N., R. 11 W., Sabine Parish, 
Lousiana. Numerous casts in oxidized glauconitic 
sand at about middle of slope. 

7 (L. S. U. Paleo. Mus. Loc. No. 1775)— 
Road cut along Louisiana Highway 6 at inter- 
section with local road in SE3, sec. 14, T. 7 N., 
R. 11 W., Sabine Parish, Louisiana. Impressions 
and molds found in glaucontic ferruginous sand. 
Locality 52 of Barry and LeBlanc (1942). 


Bayou Lenann Member 


8 (L. S. U. Paleo. Mus. Loc. No. 1771)—South 
bank of Bayou Lenann, about 100 yards, up- 
stream from bridge on local road in center of sec. 
12, T. 6 N., R. 13 W., Sabine Parish, Louisiana. 
Collection from fossiliferous, glauconitic, yellow- 
ish-brown, fine sand, about 12 feet above dark 
gray, thinly bedded, jointed, silty clays near 
aM Locality 46 of Barry and LeBlanc 

9 (L. S. U. Paleo. Mus. Loc. No. 1863)—Stream 
bank of north flowing tributary of Bayou Lenann, 
about 400 yards from its junction with Bayou 
Lenann, in about middle of the W3, SW3, sec. 12, 
T. 6 N., R. 13 W., Sabine Parish, Louisiana. 
Fossils collected from glauconitic, fine sand. 

10 (L. S. U. Paleo. Mus. Loc. No. 925)— 
Hillside in extreme NE}, SW}, NW3, sec. 9, 
T.8N., R. 9 W., Natchitoches Parish, Louisiana. 
Hill is about 75 yards north of Louisiana High- 
way 6. Impressions found in yellowish-brown, 
limonitic, fine sand. Locality 55 of Barry and 
LeBlanc (1942). 


Marthaville Formation 


M; (L. S. U. Paleo. Mus. Loc. No. 1864)— 
Stream bank of north flowing tributary of Bayou 
Lenann, about 325 yards from its junction with 
Bayou Lenann, 75 yards downstream from lo- 
cality 9, in W}, SW3, sec. 12, T. 6 N., R. 13 W. 
Sabine Parish, Louisiana. Well preserved fossils 
in ag in massive clay. 

2 (L. S. U. Paleo. Mus. Loc. No. 1760)— 
Stream bed on Riaine’s place in NE}, NE}, sec. 
24, T. 8. N, R. 11 W., Sabine Parish, Louisiana. 
This is the Rocky Springs Church Locality of 
Harris and Veatch (1899), p. 63. Ostrea multi- 
lirata Conrad and other species collected from a 
calcareous silty ledge. (Locality 32 of Barry and 
LeBlanc (1942?).) 

M; (L. S. U. Paleo. Mus. Loc. No. 1752)— 
Roadcut at Marthaville in center of SE}, sec. 
28, T. 9 N., R. 10 W., Natchitoches Parish, 
Louisiana. a found in ferruginous con- 
rear} Locality 22 of Barry and LeBlanc 

1942. 
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PENDLETON SPECIES FROM LOCALITIES LISTED ON PAGE 191 


Pendleton 


= 
Members 
Slaughter Bayou 
Creek Lenann 
Si 3/4/1516 8} 9 
ANTHOZOA 
Madracts gregoriot Vaughan............... 


Haimesiastraea conferata Vaughan.......... 


ECHINOIDEA 
Linthia hollandt 


PELECYPODA 
Nucula ovula Lea 


66S 06606660 010 06 6 


Trinacria microcancellata Barry 


Arca (Barbatia) cuculloides ludoviciana Harris| o 


Ostrea thirsae (Gabb) 


Ostrea multilirata Conrad................. 


Ostrea sp. cf. O. compressirostra Say 


Modiolus (Brachidontes) stubbsi Harris...... 
Modiolus (Brachidontes) alabamensis Aldrich 
Modiolus (Modiolus) 
Periploma howet 
Venericardtia (Venericor) densata pendletonen- 
sts Gardner & Bowles.................. 
Venericardia (Venericor) sabinensis 
Venericardia (Venericor) sabinensis var. . 
Phacoides (Parvilucina) sabellt Gardner... ° 
Cardtum (Cerastoderma) toumeyi Aldrich var. 
Pitaria (Pitaria) nuttalopsis greggt (Harris) . . 
Macrocallista triangulata Barry............ ° 
Tellina bellsiana Aldrich.................. 


Tellina sp. cf. T. semipapyra Aldrich 


Solen pendletonensis Barry 


Spisula parilis bistriata (Harris) 


Corbula (Caryocorbula) aldrichi Meyer 


Corbula (Caryocorbula) cappa Barry........ 


CEPHALOPODA 
SCAPHOPODA 
Cadulus (Dischides) abruptu 


GASTROPODA 
Teinostoma barryi LeBlanc 


Fissurella alabama Harris. . 


Skenea syluaerupis (Harris) 
Skenea dalli (Harris)...... 
Tuba antiquata (Conrad). . 


Aturia (Brazaturia) species (Stenzel MS)... 


s Meyer & Aldrich 
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Sabinetown 


Pendleton 
Members 

Slaughter Bayou 
Creek Lenann 


Marthaville 


3 


4 


5 


6 


Mi 


= 


M; 


Melanella wheelert Palmer................ 
Architectontca bellense (Harris).........-.. 
Epitonium multiliniferum Aldrich.......... 
Epitonium exquistta (Aldrich)............. 
Ampullina alabamiensis (Whitfield)........ 
Natica aperta Whitfield................... 
Natica (Sigaticus) clarkeana (Aldrich)...... 
Polinices harristt Gardner................ 
Atys robustoides Aldrich.................. 
Turritella eurynome Whitfield............. 
Turritella 
Turritella belltfera Aldrich................ 
Turritella mortoni postmortoni Harris....... 
Mesalia sp. cf. M. alabamiensis (Whitfield). . 
Bittium (Stylidium) anita Aldrich.......... 
Cerithiella terebropsis (Harris)............. 
Calyptraphorus trinodiferus Conrad........ 
Galeodea (Mambrinia) koureos Gardner... .. 
juvenis (Whitfield) . 
Tritontdea pachecot Harris............... 
Turbinella ( baculus Aldrich?.. 
Mazzalina plena Aldrich?................. 
Pseudoliva vetusta (Conrad)............... 
Pseudoliva tuberculafera Conrad............ 
Buccinanops ellipticum Whitfield.......... 
Buccitriton sagenum (Conrad)............. 
Levifusus supraplanus Harris.............. 
Levifusus trabeatus (Conrad) var. Harris. . 
Levfusus indentus Harris................. 
Levifusus pagoda (Heilprin)............... 
Athleta petrosa (Conrad). 
Turricula nasuta (Whitfield).............. 
Turris sp. cf. T. bimoniatus Aldrich........ 
TUPVES 


Orosueata longipersa (Harris) var........ 

Trigonostoma LeBlanc...... 
Hemisurcula silicata (Aldrich)............. 
Pleurotoma capax Whitfield............... 
Pleurotomella veatcht Harris............... 
Bullinella syluaerupis (Harris)............. 
Dorsanum scalatum (Heilprin)............. 


° 
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PENDLETON SPECIES (Continued) 


Sabinetown 


Pendleton 


Members 

High Slaughter Bayou 8 
Bluff Creek Lenann = 


Si 


= 


M, 


OSTRACODA 
Cytheridea robertsi Howe & Garrett........ 
Cytheridea spoonert Howe & Garrett....... 
Eocytheropteron sabinensis Howe & Garrett . 
Cythereis harrist Howe & Garrett.......... 
Cytherets sabinensis Howe & Garrett....... 
Cytheridea broussardt Howe & Garrett...... 
Cytheridea moodyi Howe & Garrett........ 
Cytheridea veatcht Howe & Garrett......... 
Cytheridea wallacet Howe & Garrett........ 
Cythereis ? alabamensis Howe & Pyeatt..... 
Cytherets hilgardi Howe & Garrett......... 
Orthonotacythere sabinensis Howe & Garrett. 
Cytherelloidea nanafaliensis Howe.......... 
Cytheridea pendletonensis Howe & Garrett . . 
Cytheridea ? pyeatti Howe & Garrett....... 
Cytheridea sabinensis Howe & Garrett...... 
Cytheridea hopkinst Howe & Garrett....... 
Cytheridea marthavillensis Howe & Garrett. . 
Cytherelloidea veatchiana Howe............ 
Cytherellotdea tombigheensis Howe.......... 
Cytheridea leet Howe & Garrett........... 
Brachycythere jessupensis Howe & Garrett . 
Cytheridea ? jessupensis Howe & Garrett..... 


He He He 


x xX x x * 
x le 
x x * 
4 x |x x 
x * 
x 


x—lIn authors’ collection. 
o—Reported by Barry & LeBlanc (1942). 
*—Reported by Howe & Garrett (1934). 
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PACIFIC COAST CRETACEOUS AND TERTIARY CORALS 


J. WYATT DURHAM 


University of California, Berkeley, California 


Asstract—Balanophyllia cowlitzensis, Deltocyathus whitet, Flabellum californicum 


var. fiedleri, F. fresnoense, F. oregonense, Platycyathus grahami, Platytrochus diabloen- 

sts are described as new. Flabellum remondianum Vaughan (not Gabb) is renamed 

F. stantoni. The occurrence of Cyclolites? n. sp. ean Pp. and Dendro- 
a 


phyllta oldroydi Faustino is recorded. Flabellum remondianum 
confined to basal Martinez (Paleocene) strata. 


appears to be 


EW CORALS have been described from the 
late Cretaceous and Tertiary beds of the 

Pacific Coast, the most important papers 
being those of Durham (1942), Nomland 
(1916, 1917), Quayle (1932), and Vaughan 
(1900, 1917). A few species have been de- 
scribed incidentally in other papers. 

Although the coral fauna of the lower and 
middle Eocene formations has been in- 
completely studied, more species and indi- 
viduals are known from those strata than 
from all the remainder of the Tertiary. It is 
probable that extensive and careful collect- 
ing from the Tertiary will yield many more 
species of solitary corals and that in favor- 
able situations, such as at the base of trans- 
gressing strata, coral reefs will be found. Of 
the 12 species and one variety here dis- 
cussed, one is from the upper Cretaceous, 
one from the late Pliocene or Pleistocene, 
one from the Oligocene, one from the upper 
Eocene and the remainder from the Paleo- 
cene, lower Eocene and middle Eocene. 

Numbers, unless otherwise noted, refer 
to the University of California collections 
and register of localities. 


SYSTEMATIC DESCRIPTIONS 
Genus FLABELLUM Lesson 
Flabellum Lesson, 1831, Illust. de Zool., pl. 14. 


Genotype, Flabellum pavoninum Lesson. 


“FLABELLUM CALIFORNICUM Vaughan 


Flabellum californicum VAUGHAN, 1900, U. S. 
Geol. Surv. Mon. 39, p. 69, pl. IV, figs. 11-12. 
NoMLAND, 1916, Univ. Calif. Publ., Bull. 
a? Geol. Sci., vol. 9, p. 60, pl. 4, figs. 14, 15, 


Types.—Hypotypes nos. 12034, 12035. 

Occurrence.—Beds of Domengine age near 
Clayton, California. 

Remarks.—This species is readily dis- 
tinguished from mature individuals of F. 
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remondianum Gabb by the presence of only 
48 septa of which there are 12 heavy major 
members. 


FLABELLUM CALIFORNICUM 
var. FIEDLERI 
Durham, n. var. 
Plate 32, figure 18 


Corallum moderately large, tall, base 
broken; cross-section compressed, elliptical; 
septa in four cycles with a few of the fifth 
present, apparently those of first three 
cyles reach columella; costae indistinct, 
covered by a wrinkled epitheca with irreg- 
ular girdling depressions; in cross section 
made 9 mm. below calyx, calicular fossa is 
apparently very narrow and deep, columella 
not showing in this section. 

Dimensions.—Height (base broken) 28.7 
mm.; long diameter of calyx 19.8 mm.; 
short diameter of calyx 9.3 mm. 

Type.—Holotype no. 30095, loc. A 3824, 
fossiliferous sandstone in center NE} SW} 
sec. 25, T. 18 S., R. 2 E., Jamesburg Quad- 
rangle, California. Middle Eocene, Domen- 
gine stage. 

Remarks.—This variety may be dis- 
tinguished by its large size and height. It is 
associated with Discocyclina sp., a small 
Venericardia and Nemocardium linteum 
(Conrad). 


FLABELLUM REMONDIANUM Gabb 
Plate 32, figures 4, 8 

Flabellum remondianum Gass, 1864, Geol. Surv. 
California., Paleontology, vol. 1, p. 207, pl. 
26, fig. 199. Dickerson, 1914, Univ. Cali- 
fornia Publ., Bull. Dept. Geol. Sci., vol. 8, 
p. 151, pl. 6, figs. 1a, 1b, 1c, 1d. 

Not Flabellum remondianum VAUGHAN, 1900, 
U. S. Geol. Surv. Mon. 39, pp. 67-68, pl. IV, 
figs. 5-6. 


Corallum of medium size, cuneate, mod- 
erately flattened, with a small pedicle; cross 
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section elliptical; ten major septa on each 
side of calix extending to columellar fossa; 
secondary and tertiary septa of much 
smaller size in interspaces, making a total of 
80 septa; inner ends of major septa thick- 
ened, apparently joining columella deep 
' within calix; septa about one-half as wide 
as their interspaces; columellar fossa deep, 
narrow, elongate; wall covered by polished 
epitheca; costae indistinct beneath epitheca; 
surface of epitheca with 8 to 12 indistinct 
radiating ridges or pseudocostae. 
Dimensions.—Hypotype no. 11846, height 
18.2 mm., greatest diameter 17.7 mm., 
lesser diameter 10.7 mm. 
Types—Holotype, whereabouts’ un- 
known; hypotypes 11846 (loc. 1743), 12434 
(loc. 1743), 12029 (loc. 1556), no. 30092 (loc. 
A 1621), all from localities within 20 feet of 
the base of the Martinez formation on the 
Mount Diablo Quadrangle, California; Stan- 
ford Univ. Paleo. Type Coll., hypotype 6547 
is from L.S.J.U. loc. 2073, Lodo formation 
(see Deltocyathus whitei for locality descrip- 
tion), Paleocene. 
Occurrence-—From records available 
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this species appears to be confined to the 
basal Martinez stage, Paleocene. 

Remarks.—This species may be distin- 
guished from F. californicum Vaughan by 
the presence of 20 major septa and a total 
of 72 septa, with the major septa much 
thinner than in Vaughan’s species. The spec- 
imen from L.S.J.U. loc. 2073 (pl. 32, figs. 
4, 8), apparently represents only the lower 
half of a young individual whose septa are 
fewer in number. 

Although the whereabouts of Gabb’s type 
of this species is unknown, the specimens 
figured by Dickerson come from the same 
general area as the type and some of them 
may be presumed to be topotypes. Addi- 
tional material from the same area presents 
the same characters; both Dickerson’s speci- 
mens and the new material agree roughly 
with Gabb’s poor figures, whereas the speci- 
mens figured by Vaughan do not correspond 
at all. 


FLABELLUM FRESNOENSE Durham, n. sp. 
Plate 32, figures 2, 3 


Corallum small, cuneate, only slightly 


EXPLANATION OF PLATE 32 


Fics. 1—Dendrophyllia oldroydi Faustino? X1.6. Hypotype no. 30107, loc. A 3770. Late Pliocene or 


Pleistocene. 


(p 201) 


2-3— Flabellum fresnoense Durham, n. sp. X2. Holotype, Stanford Univ. Paleo. Type Coll. no. 
7374, depth 5,800 feet, Cheney Well no. 1, Fresno County, California. Upper Cretaceous. 


(p. 197) 


4, 8—Flabellum remondianum Gabb X2. Hypotype, Stanford Univ. Paleo. Type Coll. no. 6547, 
L.S.J.U. loc. 2073. Lodo Formation, Paleocene. Specimen broken at about half height of 
corallum. (p. 196) 

5—Flabellum? sp. X2. Hypotype, Stanford Univ. Paleo. Type Coll. no. 6545, loc. 2073. Lodo 
Formation, Paleocene. p. 199) 

6,7, 10, 11, 17—Platytrochus diabloensis Durham, n. sp. X2.2. 6, 11, paratype no. 30064, 7, 10, 
holotype no. 30060, 17, paratype no. 30078, cross section of round variant, poorly pre- 
served, retouched, loc. A 3872. Domengine stage, Eocene. (p. 199) 

9—Cyclolites? n. sp. X2. Hypotype no. 30082, loc. A 3821. Domengine stage, Eocene. Mold of 
lower surface. (p. 201) 

12, 14—Platycyathus grahami Durham, n. sp. X3. Holotype no. 30097. ?Martinez Stage, 
Paleocene. p. 200 

13, 16—Deltocyathus whitei Durham, n. sp. X3. Holotype, Stanford Univ., Paleo. Type Coll. no. 
6546, L.S.J.U. loc. 2073. Lodo Formation, Paleocene. Basal view. (p. 200 

15, 21—Balanophyllia cowlitzensis Durham, n. sp. X1.6. Holotype no. 30090, loc. 7162. Cowlitz 
formation, upper Eocene. Side of corallum broken. p. 201) 

18—Flabellum californicum var. fiedleri Durham, n. var. X1. Holotype no. 30095, loc. A 3824 
Domengine stage?, Eocene. (p. 196) 

19, 20, 23, 24—Flabellum oregonense Durham, n. sp. 19, X1.4. paratype no. 30118, incomplete 
cross section below calix; 20, X1.3, paratype no. 30120, vertical section. 23, 1.3, holotype 
aa basal view of internal mold; 24, X1.4, holotype loc. A 3669, Oligocene, at 
mold. 

22—Flabellum stantont Durham, n. name X1.9, hypotype no. 30098, loc. 7000. Weeak teen 
Susana formation, lower Eocene. (p. 199) 
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flattened, partially decorticated, calix 
broken; cross section ovate; 16 subequally 
developed septa extending to flattened 
columella; remaining septa (8) of third cycle 
just noticeable in the four central inter- 
spaces of each side; primary septa about 
one-third as wide as their interspaces; septal 
faces sparingly granulated; columella flat- 
tened in plane of long axis of calyx, formed 
by trabecular fusion of inner ends of pri- 
mary septa; wall formed by fusion of outer 
ends of primary of septa; epitheca appar- 
ently destroyed, leaving surface marked by 
heavy low ridges corresponding to septal 
interspaces with narrow grooves correspond- 
ing to septa. 

Dimensions.—Height (broken) 7.4 mm., 
greater diameter of calyx 7.9 mm., lesser 
diameter 5.7 mm. 

Types.—Holotype, Stanford Univ. Paleo. 
Type Coll. 7374, from a depth of 5,800 feet 
in Cheney 1, SW} sec. 29, T. 14S., R. 13 E., 
Fresno County, California. Cretaceous. 

Remarks.—Apparently this is the first 
Flabellum to be recorded from the Creta- 
ceous. Except for the ridge formed by the 
outer edge of the primary septa at each end 
of the calyx there is no angulation of the 
corallum. 

This species is associated with Arrhoges 
sp. and Euspira shumardiana (Gabb.) Ac- 
cording to Lois T. Martin (personal com- 
munication), 80 feet higher stratigraph- 
ically, at a depth of 5,720 feet the following- 
foraminiferal assemblage is found: 

Anomalina ammonoides (Reuss) 

Bathysiphon sp. 

Bulimina brevis d’Orbigny 

Dentalina megalopolitana Reuss 

Epistomina caracolla (Roemer) 

Eponides hatdingerit (d’ Orbigny) 

Globigerina cretacea d’Orbigny 

Gimbelina cf. globulosa (Ehrenberg) 

Gyroidina globosa (V. Hagenow) 

Haplophragmoides eggert Cushman 

Lénticulina navicula (d’Orbigny) 

Lenticulina williamsoni (Reuss) 

Nodosaria affinis Reuss 

Robulus macrodiscus (Reuss) 

Robulus munsteri (Roemer) 

Robulus pseudo-secans Cushman 
Silicosigmotlina californica Cushman and 

Church 
Spiroplectoides clotho (Grzybowski) 

Vaginulina sp. 

pachecoensis” 


Between the depths of 5,827 and 5,834 
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feet the following foraminiferal assemblage 
is found: 
Anomalina ammonoides (Reuss) 
Bathysiphon sp. 
Dentalina megalopolitana Reuss 
Ellipsonodosaria alexandert Cushman 
Eponides hatdingerit 
Eponides exigua (H. B. Brady) 
Haplophragmoides eggeri Cushman 
Lenticulina navicula (d’Orbigny) 
Marginulina cf. ensis Reuss 
Nodosaria nuda Reuss 
Pseudoglandulina manifesta (Reuss) 
Robulus pseudo-secans Cushman 
Silicosigmoilina californica Cushman and 
Church 
Spiroplectoides clotho (Grzybowski) 
aginulina cf. simondsi Carsey 
“Valvulineria pachecoensis” 


FLABELLUM OREGONENSE Durham, n. sp. 
Plate 32, figures 19, 20, 23, 24 


Corallum moderately large, low, triangu- 
lar, sides of calice highly arched; cross sec- 
tion compressed, elliptical; septa about 48 
on a side, of which only about 12 reach col- 
umellar fossa, the second twelve reach 
nearly to fossa, narrow septa of fifth cycle 
present in interspaces; septal edges smooth, 
gradually rounding into deep columellar 
fossa; major septa thin, about one-fifth as 
wide as their interspaces; septal faces with 
fine ridges running from wall inwards and 
upwards at angle of about 60 degrees with 
wall; concentric ridges parallel to inner edge 
of septa; granules on septal faces in mod- 
erate numbers; wall destroyed on all speci- 
mens at hand but its mould shows it was 
ornamented by about 12 moderately promi- 
nent costae at about middle of corallum, 
epitheca above wrinkled parallel to upper 
edge of calyx; calyx with lateral edges very 
low, highly arched in center. 

Dimensions.—Holotype (base broken), 
height (estimated) 20 mm.; greatest diame- 
ter of calix 27 mm.; lesser diameter 14 mm. 

Types—Holotype no. 30117, paratypes 
nos. 30118, 30119, 30120, all from loc. A 
3669 (glauconitic sandstone, apparently on 
the road from Clatskanie to Mist, Columbia 
County, Oregon, sec. 19, T. 7 N., R. 4 W., 
Willamette base and meridian). 

Age.—Lower Oligocene, equivalent in age 
to the Pittsburg Bluffs, Oregon, locality. It 
is associated with the same molluscan fauna 
as is found at the last named locality. 

Remarks.—There are 12 more or less frag- 
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mentary specimens in the collection, asso- 
ciated with a well preserved molluscan fauna 
in a glauconitic sandstone matrix. The col- 
lection was mislaid for some time in the 
University of California collections and the 


_ original locality data lost. The present lo- 


cality identification has been made on the 
basis of the lithology and the associated fos- 
siis which are numerous, characteristic of 
the area and age and well preserved. 


FLABELLUM STANTONI Durham, n. name 
Plate 32, figure 22 


Flabellum remondianum, VAUGHAN, 1900, U. S. 
Geol. Survey Mon. 39, pp. 67-68, pl. 4, figs. 


5-6. 

Not Flabellum remondianum Gass, 1864, Geol. 

Surv. California Paleontology, vol. 1, p. 207, 

|. 26, fig. 199; Dickerson, 1914, Univ. Calif. 
ubl., Bull. Dept. Geol. Sci., vol. 8, p. 151, 
pl. 6, figs. la, 1b, 1c, 1d. 

As noted elsewhere the Flabellum remon- 
dianum of Vaughan is not the same as that 
of Gabb and is here renamed F. stantoni 
with Vaughan’s figure 5 designated as the 
holotype. Vaughan has given an excellent 
description of it. Two poor specimens from 
the upper Santa Susana formation of the 
Simi Valley appear to belong to the same 
species although the lateral ‘‘wings’’ shown 
in Vaughan’s figure 5 are not evident, but 
they were possibly lost by weathering. 

Types.—Hypotypes nos. 30098, 30106. 

Occurrence.—Loc. 7000, Santa Susana 
shale, Eocene, Santa Susana Quad., Califor- 
nia. About 25 feet below basal conglomerate 
of Domengine stage in small canyon in cen- 
ter of sec. 32, T. 3 N., R. 17 W.; type local- 
ity, Army Point, near Benicia, California, 
horizon as ‘Martinez and Tejon” according 
to Vaughan. 

Age.—Martinez (?) and Meganos stages. 


FLABELLUM ? sp. 
Plate 32, figure 5 


A single poorly preserved specimen of a 
moderately large solitary coral; shape poorly 
cuneate, cross section ovate; base broken; 
largely decorticated; septa about 72, thin, 
earliest cycles most prominent; no pali evi- 
dent. 

Dimensions.—Height (broken) 12 mm., 
greatest diameter about 13 mm. (broken), 
least diameter 10.5 mm. 

Types——Hypotype Stanford Univ. Paleo. 
Type Coll. no. 6545. 
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Occurrence.—L.S.J.U. loc. 2073 (see Del- 
tocyathus whitei for description), Lodo for- 
mation, Paleocene. 

Remarks.—This specimen somewhat re- 
sembles F. remondianum Gabb, but is more 
ovate in cross section. It possibly is not a 
Flabellum, but no pali are apparent. 


Genus PLATytTrRocHUS Milne Edwards 
and Haime 
Platytrochus MiLNE Epwarps and HaimMeE, 1848, 
Ann. Sci. Nat., ser. 3, vol. 9, p. 246. 


Genotype, Turbinolia stokesi Lea. 


PLATYTROCHUS DIABLOENSIS Durham, 
Nn. sp. 


Plate 32, figures. 6, 7, 10, 11, 17 


Corallum of medium small size, cunei- 
form to irregularly turbinate; septa in four 
cycles with corresponding costae; costae 
prominent, sharp, heavy, granulated, all ex- 
tending to within a short distance of base; 
in cuneiform individuals middle costae of 
lateral faces heaviest near top of calyx, to- 
wards sides of more uniform size; end costae 
not accentuated; first three cycles of septa 
extending to rather large columella com- 
posed of irregularly fused septal trabeculae; 
septa of irregular thickness, in general first 
cycle heaviest, usually one-third to one-half 
the width of septal interspaces; septa more 
or less wavy, fairly abundant septal gran- 
ules; character of upper edges of septa un- 
certain. 

Dimensions.—Holotype, height 8.9 mm., 
greatest diameter 9 mm., least diameter 4.3 
mm. 

Types——Holotype, no. 30060, paratypes 
nos. 30064, 30074, 30078, all from loc. A 
3872. 

Occurrence.—Loc. A 3821 (see Cyclolites ? 
n. sp. for locality description); loc. A 3872, 
Domengine stage, Eocene, Byron Quad., 
California, from Discocylina bed on brow 
of hill, east side of road, SE} NEj sec. 7, 
T. 1 S., R. 3 E., just above basal con- 
glomerate. 

Remarks——Although several specimens 
were found at the type locality, none are 
exceptionally well preserved. One cross sec- 
tion strongly resembles the cross section of 
a Turbinolia although no Turbinolia of com- 
parable size is known in that area. This spec- 
imen has not been considered in the above 
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description. The other specimens vary from 
nearly circular to elliptical in cross section. 
“Flabellum?” merriami Nomland is the 
only California species which might be con- 
fused with the cuneiform specimens; how- 
ever it has well developed lateral wings near 
the base and every fourth costae larger and 
more prominent. 


Genus DELTocyaTuHus Milne Edwards 
and Haime 


Deltocyathus MILNE Epwarps and Haime_, 1848, 
Ann. Sci. Nat., ser. 3, vol. 9, p. 325. 


Genotype, Turbinolia italica Michelotti. 


DELTOCYATHUS WHITE! Durham, n. sp. 
Plate 32, figures 13, 16; text figure 1 


Corallum of medium size, discoid, traces 
of probable early attachment, upper surface 
partially concealed; lower surface nearly 
smooth, faint traces of low costae; costae 
fairly prominent on lateral edges of disc; 
septa in four cycles with rarely an incipient 
member of fifth cycle showing at wall, thin, 
wavy, exsert; first two cycles most exsert, 
later cycles less so; from trace of septal pat- 
tern exposed on lower side of corallum, first 
three cycles appear to reach columella while 
fourth extends about two-thirds of this dis- 
tance; lateral faces of septa with moderate 
number of prominent granules, and growth 
lines forming prominent ridges, not per- 
forate; edges of first and third cycles of septa 
with three teeth on inner half (text fig. 1), 
otherwise only occasionally faintly serrate; 


Fic. 1—Deltocyathus whitei Durham, n. sp., 
X2. Sketch profile of septa, in part re- 
stored from growth lines. Character of 
columella uncertain. A, first cycle; B, third 


e. 
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character of columella uncertain, obscured 
by matrix, composed of one or more irregu- 
lar trabeculae. 

Dimensions.—Holotype, diameter 14 mm,, 
height (restored) about 4.5 mm. 

Types.—Holotype Stanford Univ. Paleo, 
Type Coll. no. 6546. 

Occurrence.—L.S.J.U. loc. 2073, Panoche 
Quadrangle, California, 100 feet north of 
the middle of the south line of sec. 20, 
T. 15 S., R. 12 E., opposite the junction of 
Panoche and Silver Creeks. From Lodo for- 
mation exposed in road cut overlying Mo- 
reno shale. Age Paleocene. Collector Robert 
T. White. 

Remarks.—There is no comparable de- 
scribed Pacific Coast species. Stephanocya- 
thus holcombensis Durham from the lower 
Oligocene of Washington is much larger and 
has heavier septa that are not wavy. 


Genus PLatycyaTHUus de Fromentel 
Platycyathus DE FROMENTEL 1863, Paleo. Franc., 
Terr. Cret., Zoophytes, p. 180. 
Genotype, Trochocyathus terquemi Milne 
Edwards and Haime (subs. design. Wells, 
1933). 


PLATYCYATHUS GRAHAMI Durham, n. sp. 
Plate 32, figures 12, 14 


Corallum small, low, flattened bowl 
shaped, formerly attached to apex of small 
gastropod, base slightly convex; septa in 
four cycles, earlier cycles successively more 
exsert, but difference not very great; septa 
of first cycle about three times as heavy as 
those of fourth, other cycles intermediate; 
septa of fourth cycle extending about one- 
fourth distance to columella, third cycle 
slightly larger; upper edges of septa finely 
dentate, about four teeth in 1 mm.; lateral 
faces of septa with prominent granules; hori- 
zontal plates on sides of some septa, appar- 
ently formed in same manner as granules, 
not extending across cavity to next septa; 
pali before all cycles except last, those of 
third cycle wider than others; columella 
fascicular; distinct, rounded, granular costae 
on side walls, corresponding to septa. 

Dimensions.—Holotype, height 4.2 mm., 
diameter 8 mm. 

Types.—Holotype no. 30097. 

Occurrence——In grey clay shale float, 
probably from sediments of Martinez age. 
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From NW3 sec. 8, T. 15S., R. 12 E., Tierra 
Loma Quadrangle, California. 

Remarks.—This species may be distin- 
guished from Trochocyathus californianus 
Vaughan by its greater height, more regular 
shape, less abundant septal granules and 
rounded instead of sharp costae. 


Genus CycLoLitEs Lamarck. 
oe LAMARCK, 1801, Syst. Anim. sans Vert., 
p. 369. 
Genotype, Cyclolites elliptica Lamarck. 


CYCLOLITES ? n. sp. 
Plate 32, figure 9, text figure 2 


Several molds of a vaulted, convex, disc 
shaped solitary coral; septa about 96, thin, 
highly perforate near wall, less so higher; 
lower surface concave downwards; faint 
traces of a small pedicel, costae correspond- 
ing to septa; no apparent traces of epitheca; 
wall apparently largely synapticular; syn- 
apticulae fairly abundant between septa 
above wall and between costae; about first 
two cycles of septa extend to columella, 
fifth cycle extending about one-third that 
distance, inner ends joined by synapticulae 
to those of second highest system adjacent 
to it; upper edges of septa uncertain but 
apparently dentate. 

Dimensions——Diameter about 15 mm., 
height about 5 mm. 

Types.—Hypotypes nos. - 30082, 30087, 
30089. 

Occurrence—Loc. A 3821, Domengine 
stage, Eocene. On south side of low ridge, 
SE} SWi sec. 8, T. 1 S., R. 3 E., Byron 
Quadrangle, California. A short distance 
above basal conglomerate. 

Remarks.—These specimens are associ- 
ated with Discocyclina sp., Spiroglyphus 
tinajasensis Hana and Hertlein; Platy- 
trochus diabloensis Durham, n. sp., and nu- 
merous molluscs. 


- 
\ 
Fic, 2—Cyclolites? n. sp, X2. Sketch of 
lateral profile from mold in sandstone. Char- 
acter of septal edges and presence or ab- 


sence of columella uncertain. 
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Genus BALANOPHYLLIA Searles Wood 


Balanophyllia SEARLES Woop, 1844, Ann. and 
Mag. Nat. Hist., vol. 13, p. 11. 
Genotype: Balanophyllia calyculus Searles Wood. 


BALANOPHYLLIA COWLITZENSIS 
Durhan, n. sp. 
Plate 32, figures 15, 21 

Corallum low, cylindrical, base greatly 
expanded, on shell of Ranella washingtoniana 
Weaver; wall porous, costae prominent, 
with single irregular row of heavy granules, 
corresponding to septa; costal interspaces 
perforate; septa in four cycles, possibly some 
of fifth present, in normal balanophylloid 
pattern, thin, not exsert, in broad open calyx; 
lateral faces of septa with few prominent 
granules; upper edges of septa indetermi- 
nate; columella small. 

Dimensions.—Holotype, height about 2 
mm., diameter of calix about 6 mm., diam- 
eter of basal expansion about 12 mm. 

Types.—Holotype no. 30090. 

Occurrence.—Loc. 7162, Cowlitz forma- 
tion, upper Eocene. ‘“‘Cowlitz lower shale, 
type locality” presumably on Stillwater 
Creek, in sec. 32, T. 11 N., R. 2 W., Lewis 
County, Washington, but possibly at the 
bend of the Cowlitz River in the SE} sec. 
28, T. 11 N., R. 2 W. 

Remarks.—This is readily separated from 
all previously described species of early Ter- 
tiary Pacific Coast Balanophyllia by its 
broad adherent base and short corallum. 


Genus DENDROPHYLLIA de Blainville 


or DE BLAINVILLE, 1830, Dict. des 
Sci. Nat., vol. 60, p. 319. 
Genotype: Madrepora ramea Linnaeus. 


DENDROPHYLLIA OLDROYDI Faustino? 
Plate 32, figure 1 
Dendrophyllia oldroydi FAUSTINO in OLDROYD, 
1927, Stanford Univ. Pub . Geol., Sci , vol. 1, 
no. 1, pl. 49, fig. 7. 
Dendrophyllia oldroydi, FAusTINO, 1931, Philip- 
pine Jour. Sci., vol. 44, pp. 286-287, pl. 1, 


Three worn fragments of a branching 
Dendrophyllia are inseparable from Faus- 
tino’s species in their present state. The 
walls are thin near the calyx; the columella 
is moderately large and the septal arrange- 
ment appears to be the same. 

Types.—Hypotypes nos. 30107, 30110, 
30115. 
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Occurrence.—Loc. A 3770, late Pliocene or 
Pleistocene of Humboldt County, Califor- 
nia. Exposed in road cut along U. S. high- 
way 101, 1.5 miles north of bridge across 
Little River at Little River Beach State 
Park, from a highly fossiliferous gravel 
lense in loose sand. 

Remarks.—This species is associated with 
a fauna that includes Anorthoscutum n. sp. 
(small), Arca sisquocensis Reinhart, var., 
and numerous undetermined  mollusca, 
many of them being recent species. The ex- 
act age of the fauna is uncertain, it may be 
either late Pliocene or Pleistocene. 
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PERMIAN FUSULINID FROM PERU 


M. L. THOMPSON 
University of Kansas, Lawrence, Kansas 


ABSTRACT—Schwagerina aff. S. laxissima Dunbar and Skinner is described and il- 


lustrated from core samples of a well in central Peru. This form demonstrates the 
presence of Permian Wolfcamp in central Peru and represents one of the very few 


published records of Permian fusulinids from South America. 


HREE limestone samples of cores taken 
from the discovery well of the Agua 
Caliente field, Department of Loreto, Peru, 
were sent to me from the Stanford Univer- 
sity collections by Dr. H. G. Schenck. The 
highest of these samples is from a depth of 
1,458 to 1,464 feet and contains abundant 


- fusulinids that add considerable information 


to our knowledge of the geographic distri- 
bution of upper Paleozoic rocks in South 
America. The second of these samples is 
from a depth of 1,575 feet and contains 
abundant calcareous algae and a broken 
specimen of a large productid brachiopod. 
The lowest sample came from a depth of 
3,128 feet and contains abundant calcareous 
algae and bryozoans. Although all of these 
samples are of interest, only the fusulinid- 
bearing sample will be discussed in detail at 
this time. 

Abundant and varied fusulinid faunas are 
known from many areas in Brazil, Bolivia, 
Peru, and Venezuela. Only a very few 
forms have been described and illustrated 
from that portion of the world, however. 
Fusulinids have proved to be one of the 
most reliable indices for age determina- 
tions of upper Paleozoic rocks, and the 
occurrence of well preserved specimens of 
fusulinids in central Peru seems worthy of 
special consideration. 

I wish to take this opportunity to express 
my sincere thanks to Professor Schenck for 
the opportunity to study this material and 
to Mr. Robert B. Moran for permission 
from the operators (Compafiia de Petréleo 
Ganso Azul, Ltda., Caliente, Loreto, Peru) 
to publish this notice concerning these well 
samples of the Agua Caliente field. 

Few studies have been published on South 
American fusulinids. In fact, for a long time 
it was believed by some that fusulinids did 
not occur south of the equator in any part of 
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the world. Of the few published reports 
which have considered South American 
fusulinids, few if any of them give detailed 
information concerning the fusulinids suffi- 
cient for age determinations of the fusulinid- 
bearing rocks. The generic and specific 
affinities of no South American fusulinid can 
be determined with certainty from informa- 
tion so far published. One of the earliest rec- 
ords of fusulinids in South America was 
given by Katzer (1903). Katzer reported 
Fusulina from Itaituba, Para, Brazil. This 
form reported by Katzer has been neither 
described nor illustrated, and its generic 
affinities are not known. 

In 1914 Meyer described and illustrated 
three fusulinids from Peru and Bolivia. One 
of these forms from near Morochata, Bo- 
livia, was designated Schellwienta convoluta 
Meyer; a second form from Angostura de 
Yaco, Bolivia, was designated ‘‘Schellwienia 
aff. vulgaris Schellwien’’; and a third form 
from near Tarma, Peru, was named Schell- 
wienia peruana Meyer. As based on the gen- 
eral size and shape, septal fluting, and other 
general features shown by Meyer, the first 
two of these forms seem to be of Permian 
age. However, they were not described in 
sufficient detail for definite specific or gener- 
ic identification, and their geologic ages are 
not definitely known. The third form, Schell- 
wienia peruana, is minute in size. Its septa 
are essentially unfluted and its spirothecal 
structure is unknown, although the spiro- 
theca was illustrated as thin. This form may 
be referable to either the genus Fusulinella 
or the genus Triticites. It suggests a Penn- 
sylvanian age for rocks near Tarma, Peru. 

Gerth (1915) listed several localities in 
southern Peru at which fusulinids were ob- 
served, but no information was given con- 
cerning the nature of the fusulinids them. 
selves. 
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Steinmann (1929) gave considerable addi- 
tional information concerning the geo- 
graphic distribution of fusulinids in Peru 
and adds (p. 50) 

Doch scheinen reine Fusulinenkalke von grés- 


serer Machti keit nicht allein in PerG, sondern 
auch in ganz Siidamerika zu fehlen. 


However, Steinmann did not give any de- 
tailed information concerning the nature of 
the Peruvian fusulinids. 

In 1931 Gerth described and illustrated a 
fusulinid as “‘Fusulina cf. verneutli v. 
ler” from Paso Palmarito in the southern 
part of Cordillere de Merida, Venezuela. 
Although specific affinities of this form can 
not be determined from Gerth’s brief de- 
scription and illustration, it is obviously of 
Permian age. It probably is referable to the 
genus Schwagerina, but it possibly is refera- 
ble to the genus Parafusulina. 

Berry (1933) described and illustrated 
three species of fusulinids from the Lake 
Titicaca area of Bolivia and Peru as Fusu- 
lina peruana (Meyer), Fusulina berryi 
(Jones), and Fusulina prolongada Berry. 
The details of wall structure and most other 
important characters of these forms can not 
be determined with certainty from Berry’s 
descriptions and illustrations. The speci- 
mens referred to F. peruana by Berry prob- 
ably are not conspecific with the types of 
that species but may be referable to the 
genus Pseudoschwagerina. The forms de- 
scribed as F. berryi and F. prolongada may 
be referable to the genus Schwagerina, to the 
genus Parafusulina, or even to the genus 
Fusulina. Their generic affinities can not be 
determined without a restudy of the original 
specimens. 

In spite of this obvious abundance of 
fusulinids in various parts of South America, 
only the one report by Gerth of fusulinids 
from. Venezuela gives us any undoubted 
information as to the stratigraphic age of the 
fusulinid-bearing strata. The information 
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given by Gerth in this report, however, is 
definite enough only to demonstrate the al- 
most certain occurrence of fusulinid-bearing 
rocks of Permian age in southern Venezuela, 

The following description is based on a 
study of eleven sections of fusulinids 
from a core taken at a depth of 1,458 to 
1,464 feet in the Wm. C. McDuffie No. 1 
Agua Caliente well of the Agua Caliente 
field, Department of Loreto, Peru. 


SCHWAGERINA aff. S. LAXISSIMA Dunbar 
and Skinner 
Plate 33, figures 1-3 
Schwagerina laxissima DUNBAR and SKINNER, 


1937, Univ. Texas Bull. 3701, pp. 652-654, 
pl. 68, figs. 1-11. 


Although the specimens before me repre- 
sent an undescribed species, it is not consid- 
ered advisable to name a new species as 
based on well samples when such a small 
amount of material is available for study. I 
am, therefore, merely indicating the general 
resemblance of this Peruvian fusulinid to the 
form described by Dunbar and Skinner as 
Schwagerina laxissima from the Hueco lime- 
stone of extreme western Texas. 

Shell large, elongate fusiform to sub- 
cylindrical; with bluntly pointed poles and 
low lateral slopes. Mature specimens con- 
tain about five volutions and measure about 
12.0 mm. in length and 4.0 mm. in width. 
The majority of the thin sections I have are 
poorly oriented and therefore the form ratio 
of individual volutions is difficult to deter- 
mine. However, one specimen gives the fol- 
lowing values for the form ratio of the first 
to the fifth volution, respectively: 1:1.3, 
1:1.8, 1:2.1, 1:3.1, and 1:3.0. 

The proloculum is essentially spherical, 
and its inside diameter measures about 400 
microns. The heights of the first to the fifth 
volution average about 140, 235, 425, 635, 
and 600 microns, respectively. As is shown 
by these figures, the inner two volutions are 


EXPLANATION OF PLATE 33 
i. ~ or illustrations on this plate are unretouched photographs, and all illustrations are magni- 
x 


Fics. 1-3—Schwagerina aff. S. laxissima Dunbar and Skinner. 1, Polished axial section; 2, Rolin) 


tangential section; and 3, oblique thin section. Central 


Peru. 


4—Schwagerina laxissima Dunbar and Skinner. Axial section of a syntype. Hueco limestone, 


Texas. (After Dunbar and Skinner). 
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relatively tightly coiled but the outer three 
volutions are inflated. 

The spirotheca is thick and it is composed 
of a tectum and a keriotheca with coarse 
alveoli. The thickness of the spirotheca of 
the first to the fifth volution of a typical 
' specimen measures about 30, 50, 80, 120, 
and 105 microns, respectively. The septa 
are thin. They are closely fluted in their 
lower two-thirds throughout the length of 
the shell, so as to form separate chamber- 
lets. The upper third of the septa are broadly 
fluted, even up into the overlying spirotheca. 
As is shown in pl. 33, fig. 2, the fluting in the 
upper part of the chambers does not bring 
adjacent septa into contact. The septal 
count of the inner volutions was not deter- 
mined, but one specimen has 30 septa in the 
fifth volution. 

The tunnel is low and broad in the third 
and fourth volutions. The tunnel seems to be 
incompletely excavated in the outer portion 
of the shell. Neither chromata nor axial fill- 
ings have been observed in this form. How- 
ever, the high degree of silicification of the 
specimens I have would almost certainly 
have destroyed any secondary deposits 
which were present before fossilization. The 
tunnel angle measures about 25*degrees in 
the third volution and 35 degrees in the 
fourth volution. 

Discussion——This species demonstrates 
beyond a reasonable doubt the occurrence of 
rocks of Permian age in the central part of 
Peru. The type specimens of Schwagerina 
laxissima were obtained from the upper por- 
tion of the Hueco limestone of extreme west- 
ern Texas. The rate of expansion of the 
shell, size of the proloculum, size of cor- 
responding volutions, number of volutions 
of mature specimens, and several other 
characters of the Peruvian specimens are not 
the same as in the types of S. laxissima. As 
is shown by a comparison of the illustration 
of the type specimen of S. laxissima here 
reproduced (pl. 33, fig. 4) and the accom- 
panying illustrations of the form from Peru, 
these two fusulinids are biologically closely 
similar. They are probably closely related in 
age. 

The Peruvian specimens here described 
are also closely similar to, and presumably 
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closely related in age to, Schwagerina alpina 
(Schellwien) from the lower Permian of 
Europe and Asia. S. alpina and several 
closely related species of lower Permian age 
were recently referred by Rauser-Cernous- 
sova (1937) to the genus Rugosofusulina 
Rauser-Cernoussova. It should be pointed 
out that almost all fusulinids from North 
America, Asia, and Europe, closely similar 
to the form here described from Peru, occur 
in strata that are all apparently equivalent 
in age to the type section of the American 
Permian Wolfcamp series. 

Occurrence——The specimens here de- 
scribed were obtained from a sample of a 
core taken at a depth of 1,458 to 1,464 feet 
in the Wm. C. McDuffie No. 1 well of the 
Agua Caliente field, Department of Loreto, 
Peru. This well is located about 3,400 meters 
west of the Aqua Caliente port on the 
Pachitea River. The Agua Caliente port is 
at Latitude 8°, 40’ 18.1’ South; Longitude 
74° 41’ 04.9” West. 

Repository.—The specimens on which this 
study is largely based are deposited in the 
Stanford University Pal. Type Coll. no. 
5970 (axial and tangential polished sections) 
and no. 5971 (oblique thin sections). 
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HAPLOCYTHERIDEA BASSLERI STEPHENSON, NEW NAME FOR 
CYTHERIDEA SUBOVATA ULRICH AND BASSLER! 


MORTON B. STEPHENSON 
Stanolind Oil and Gas Company, Houston, Texas 


Included in an ostracode fauna from the 
Miocene of Maryland was a species de- 
scribed as Cytheridea subovata Ulrich and 
Bassler (1904). The authors and subsequent 
workers apparently have failed to note the 
form described as Cythere subovata Miinster 
(1830), which was later listed and figured by 
Roemer (1838) as Cytherina subovata, and 
still later described and figured by Egger 
(1858) as Cytheridea subovata. 

The name Cytheridea subovata Ulrich and 
Bassler is thus a homonym of Cytheridea 
subovata (Miinster). Doctor R. S. Bassler 
has suggested? that I propose a new name 
for the Maryland species. As it belongs to 
the genus Haplocytheridea, I therefore pro- 
pose the new name Haplocytheridea bassleri 
Stephenson for Cytheridea subovata Ulrich 
and Bassler, not (Miinster). 

Originally described from the Calvert 
Miocene of Maryland, Haplocytheridea bass- 
lert was later redescribed and figured by me 
(Stephenson, 1938) from the Miocene of 
Florida, and referred to by Howe and 
Hough (1935) in their description of Anomo- 
cytheridea floridana (Howe and Hough). 
I advised the authors of Cytheridea subovata 


_} Published with the permission of the Stano- 
lind Oil and Gas Company. 
Personal communication. 


NUCULA TAMATAVICA ODHNER, NEW NAME FOR 
NUCULA RUGOSA ODHNER, 1919 


NILS HJ. ODHNER 
Riksmuseum, Stockholm, Sweden 


Sutton and Williams (1939) that the name 
was preoccupied, and it was changed by 
them (1940) to Haplocytheridea bastropensis. 

Mr. A. D. Ellis, Jr., assisted in checking 
the early references. 
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Nucula rugosa Odhner, 1919 (not Nucula 
rugosa Buckland, nor Nucula rugosa Conti) 
was named and described (Arkiv. f. Zool., 
K. Svensk. Vetenskaps., vol. 12, pp. 23-24, 
pl. 2, figs. 15-18) for material from Tama- 
tave, Madagascar, collected by M. W. 
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Kaudern. This proves to be a homonym, as 
has been pointed out to me by Hubert G. 
Schenck of Stanford University, California. 
Nucula rugosa Buckland is a citation given 
by Bronn (Index Palaeontologicus, I. Abt., 
Zweite Halfte, N-Z, p. 826, 1848), but I 


have not seen the original in Buckland. 
L. Bellardi (Monografia delle Nuculidi 
trovate finora nei terreni terziari del Pie- 
monte e della Liguria, Torino, pp. 12-13, 


1875) pointed out under a description of. 


Nucula jeffreysi that Conti, in 1864, named 
an Italian Pliocene species Nucula rugosa. 
The paper by Angelo Conti di Ferrara is 
reviewed by H. Crosse in the Journal de 
Conchyliologie, 3¢ ser., tome V (vol. 13), 
pp. 349-351, 1865, Nucula rugosa, p. 350. 
Therefore, a new name is here proposed: 
Nucula tamatavica Odhner, 1943, for the 
Recent species from Madagascar. The holo- 
type is in the Naturhistoriska Riksmuseum, 
Evertebratavdelningen, Stockholm. Para- 


Announcement is made of the establish- 
ment by the Gulf Oil Corporation of a 
fellowship in geology at the University of 
Chicago. First award of the fellowship will 
be made for the school year 1943-44, pro- 
vided qualified candidates are available 
under war conditions. 

The fellowship stipend will approximate 
$1200 a year, the Gulf Corporation con- 
tributing $900 and the University making 
available additional funds or allowances 
equivalent to the tuition requirements, 
normally $300. 

The initial award will be in the field of 
sedimentation and candidates must have 


Members of the Society of Economic 
Paleontologists and Mineralogists and mem- 
bers of the Paleontological Society are urged 
to contribute books for the enjoyment and 
education of those in our armed forces. Any 


interesting or informative book that is in ~ 


good condition is desired. Technical books 
that are not too specialized will be wel- 
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types No. 6250, five specimens, are de- 
posited in the Stanford University Paleonto- 
logical Type Collection. 

Subsequent to the original description of 
the species, Dautzenberg (Mollusques tes- 
tacés marins de Madagascar, t. 3, p. 582, 
1929) has recorded numerous Recent and 
Pleistocene occurrences of Nucula rugosa 
=N. tamatavica. Heath (Mém. Mus. Roy. 
Hist. Nat. Belgique, 2 sér., Fasc. 10, pp. 4, 
7, 8,9, 11, 16, 19, 24, pl. 2, figs. 11-14, pl. 3, 
fig. 23, pl. 8, fig. 69, pl. 10, fig. 84) has con- 
tributed to a knowledge of the soft parts. 
H. G. Schenck has an unpublished report 
in which he discusses this and allied species. 


had the equivalent of at least a year of 
graduate work in geology at an institution 
of recognized standing. The fellowship 
holder will be expected to devote part of his 
time to research in sedimentation. The 
fellowship may be renewed on recommenda- 
tion of the Department. Renewal at the end 
of nine months, rather than at the end of a 
twelve-month period is possible if the fellow 
works under an accelerated program. 

Application forms may be obtained from 
the Department of Geology, University of 
Chicago. The award for the 1943-44 school 
year will be announced April 1. 


comed. Books should be left at the nearest 
collection center or public library as soon 
as possible. 

The 1943 Victory Book Campaign is 
sponsored by the American Library Asso- 
ciation, The American Red Cross and the 
U.S. O. 
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HADROSAURIAN DINOSAURS OF NORTH 
Am_EriIcA, by Richard S. Lull and Nelda 
E. Wright, Aug. 31, 1942, pp. 242, 90 
figs., 31 pls., 8 tables, Geol. Soc. America, 
Special Papers 40. 


In the late Cretaceous there appears 
rather suddenly a curiously specialized and 
progressive group of dinosaurs, the duck- 
bills or hadrosaurs. They are advanced over 
all other reptiles in having a complicated 
pavement of grinding teeth, doubtless for 
chewing vegetation. The beak, covered with 
horn, was supported in the lower jaw by a 
peculiar terminal predentary bone. The top 
of head was sometimes produced into a 
crest or hood which carried the narial 
canals, possibly to provide for breathing 
when the jaws were submerged during feed- 
ing. The tail was compressed and enlarged 
at the base to form a strong swimming 
organ. A network of ossified tendons stiff- 
ened and supported it, so, on land, the tail 
evidently counterbalanced the front of the 
body, permitting a bipedal posture with the 
small front limbs and feet free from the 
ground. The toes were blunt and hooflike, 
reduced in number, and enclosed in a mitten 
of thick skin on the front foot. 

The hadrosaurs are most abundantly 
represented in paleontological collections in 
this country and in Canada. It was Marsh’s 
intention to write a monograph on the 
predentate group, and the present work, 
along with previous memoirs on the ceratop- 
sians, at last accomplishes that purpose. 

This monograph, then, brings together 
descriptions of all the known North Ameri- 
can hadrosaurs, and illustrates the better 
materials. It also deals with the detailed 
history of discovery of the fossils, and their 
geologic and geographic distribution. It 
interprets the physical environment, lists 
the associated plants and animals, identifies 
certain possible and probable food plants, 
discusses possible enemies and competitors 
and indicates means of defense and escape. 
The short evolutionary history of the group 
is outlined, and a really adequate treatment 
of the morphology is included. A review of 
characters of the integument is largely based 
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on the famous dinosaur ‘‘mummies’”’ and 
preserved skin impressions in several speci- 
mens. The treatment of locomotion and 
postures is illuminated by careful analyses 
of footprints, trackways, and impressions of 
the ventral parts of the body, as seen in the 
Triassic sandstones of the Connecticut 
Valley. 

There is an interesting section devoted to 
the endocranial cast and an interpretation 
of the form of the brain and endosacrum; 
also one on the eye and ear. A more satis- 
factory and comprehensive survey could not 
be desired. 

Under the heading ‘‘appendicular skele- 
ton’”’ are discussed the so-called sternal 
bones. These ossified elements occur in 
many dinosaurs and have been found in 
articulation with the calcified sternal ends 
of a few of the posterior ribs. They are al- 
ways paired, never fused across the midline, 
and lie somewhat behind rather than above 
the coracoids. All this suggests that they 
represent the paired mesosternal bars some- 
times found in crocodiles and lizards. 

The authors discuss assumed differences 
in the postures of the uncrested and crested 
hadrosaurs, on evidence from the rigidity of 
the tail, the nature of the pelvis and 
acetabulum, and the Triassic ichnites. They 
conclude that: 


there is little difference in the bipedal posture of 
Edmontosaurus and Corythosaurus or in the 
quadrupedal pose, but when the seated position 
was attempted, with the knees and tarsal joint 
flexed and the body prone, the difference became 
at once distinct, and the function of the expanded 
ischial ‘‘foot’’ in the helmeted form seemed ap- 
parently to aid in supporting the rear of the body. 


They argue that in all hadrosaurs: 


the thrust of the head of the femur must in every 
instance bear against the ilium, with its feebly 
developed pubic — and not against the 
comparatively light pubis which might well be 
dislocated by the stress of the animal’s weight. 
This brings the ilium into a position more nearly 
horizontal than in certain notable mounted skele- 
tons and this limits the erectness of the animal's 
posture, except possibly for very brief periods. 


C. L. Camp 
University of California 
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GEOLOGY OF THE APPALACHIAN VALLEY IN 
VirciniA, by Charles Butts, Virginia 
Geological Survey, Bull. 52; Part I, Geo- 
logical Text and Illustrations, pp. xxxiii 
and 568, 63 pls., 10 figs., 10 tables; Part II, 
Fossil Plates and Explanations, 271 pp., 
pls. 64-135; issued September, 1942: 
$1.50 complete, Part II separately, 50 
cents. 


The Appalachian Valley, extending for 
400 miles along the western border of Vir- 
ginia, is a classic region of folded and faulted 
mountains. The rocks range from Pre-Cam- 
brian on the southeast to Carboniferous, 
forming a Paleozoic section averaging six 
miles of sediments of diverse characters and 
origins. The author devoted many years to 
a survey of this large area, first in the 
preparation of the geologic map (1933), sub- 
sequently in gathering more information for 
presentation in the present volumes. He 
profited from long experience with similar 
rocks in adjoining states, particularly in 
Alabama, which published a comparable 
state report in 1926. The new bulletin lays 
the foundation for future more detailed and 
specialized mapping and study. In this day 
of concentration on smaller units and areas, 
it is doubtful that geologists will become as 
familiar with the large region and greater 
sequence of Appalachian rocks as has the 
author. His hope that the report ‘‘will serve 
as a stepping stone for future detailed work” 
is bound to be realized; the earlier published 
map has been valued in the decade since its 
publication. Students of the Paleozoic rocks 
and structure of the Appalachian region will 
profit greatly from, and appreciate grate- 
fully, the masterly fashion in which the 
author has prepared their paths. 

The first part of the two-volume bulletin 
has an introductory chapter outlining the 
principal features of the Valley, and its 
regional setting. Through most of its pages, 
the volume is a summary of the more than 
sixty major units that have been most useful 
in the mapping, and the interpretation of 
the stratigraphy and structure. The nomen- 
clature, definition, character, distribution, 
thickness, fauna and correlation of each is 
discussed. More than 100 sections, many 
describing several formations, and accom- 
panying pictures of typical exposures, will 
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serve to direct one to places where the beds 
can be seen to greatest advantage. Extended 
faunal lists add to the portrayal and will 
assist in identification and in correlation 
with other regions; in most cases the sources 
of the faunules are given. Succeeding pages 
describe and discuss the principal structures, 
having illustrations of representative sec- 
tions and reproductions of photographs of 
critical localities. The range is from rocks 
that have been disturbed little to those that 
have been subjected to severe folding and 
have been intricately thrust; metamorphism 
rarely has destroyed the primary sedi- 
mentary features. The final pages sum- 
marize the history, interpreting the paleo- 
geography on the basis of the preceding 
presentation. 

The reviewer and others will differ from 
the author in his classification and correla- 
tion of the limited parts of the great se- 
quence with which they are familiar, but the 
foundation on which revision is possible lies 
considerably in the maps and earlier pub- 
lications that the author has presented. To 
this writer, for instance, it seems that the 
“Lenoir” and ‘‘Ottosee’’ as they are de- 
scribed are in part equivalent, and that 
most of the rocks discussed as Moccasin and 
“Lowville’” are lowest Black River plus 
lower Trenton; others have found the 
Chambersburg to be a composite unit of 
Chazyan and Lower Trenton equivalents, 
and have reached different understanding of 
the “Stones River’ units of western Vir- 
ginia. In such an undertaking as this, too 
great emphasis on the details of stratigraphy 
would have defeated the larger purpose. 
That the units have been well chosen is evi- 
denced in their producing the knowledge 
that has been gained of the distribution and 
structure of the rocks. 

The second part of the bulletin comprises 
the finest summary of the stratigraphic 
paleontology of the Appalachian region that 
is available in a single volume. The book has 
72 plates with nearly 2000 figures, and is 
particularly rich in illustrations of lower and 
middle Ordovician forms that are inade- 
quately shown in present literature. There 
are a number of new species; it is regretted 
that their designations are inadequate and 
of doubtful validity, and that in many cases, 
type localities are insufficiently stated. The 
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fossils have been photographed admirably, 
this fine workmanship being credited to 
Charles Resser; the reproduction in fine- 
mesh half-tone on smooth paper is superb. 
The volume is a veritable handbook for 
those who study the rocks of the Appa- 
lachians or other eastern Paleozoic areas, a 
most useful complement to the stratigraphic 
descriptions. Both parts are nicely printed 
with very few errors of typography, and are 
a credit to the author, editor and Survey. 
The Geology of the Appalachian Valley in 

Virginia becomes an indispensable bulletin 
in the library of those interested in Paleozoic 
stratigraphy and paleontology, and in the 
structure of the Appalachian system that 
served as the field in which some of the 
earliest interpretations of the character and 
origin of mountains developed. The book is 
appropriately dedicated to William Barton 
Rogers, a pioneer in the comprehension of 
the geology of the region. 

G. MARSHALL Kay 

Columbia University, 

New York City 


PLIOCENE VERTEBRATES FROM BIG SPRING 
Canyon, SoutH Dakota, by Joseph T. 
Gregory, University of California Pub- 
lications, Bulletin of the Department of 
Geological Sciences, 26, No. 4, pp. 307— 
446, 3 pls., 54 figs., July 31, 1942, $2.00. 


Although this paper was written by one 
of the younger members in the field of 
vertebrate paleontology, it deserves special 
attention from all members of that profes- 
sion as well as geologists who are interested 
in the stratigraphy of the high plains. This 
is one of the most complete faunal studies 
that has been published in recent years; 
complete in that the areal geology, sedi- 
mentation, correlation and literature are all 
included as well as the faunal study. Such 
an approach gives us a far more adequate 
picture of this fauna than does the usual 
faunal report. It reminds one of the earlier 
papers by Matthew on the White River sec- 
tion of northeastern Colorado. Here, as well 
as in the older paper, the geological con- 
siderations are as important as are those of 
the animals. Big Spring Canyon lies in the 
south central part of South Dakota, only a 
few miles north of the Nebraska line. Its 
fauna was discovered and described by 
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Matthew and Gidley about 1905, and was 
considered as ‘‘Loup Fork’’ in age. Since 
that time it has been referred to by various 
writers but the question of its age and rela- 
tionships was always somewhat uncertain, 
In 1933, 1934, and 1936, field parties of the 
University of California collected at this 
site and Mr. Gregory again visited the 
region in 1937. 

The section in this area is of interest since 
it is between the extensive White River ex- 
posures to the northwest and the later 
Tertiary sections to the south and east. Un- 
fortunately, the White River series does not 
outcrop near Big Spring Canyon, so the 
section here is not as complete as one would 
like. The name Arikaree is retained by 
Gregory for the Lower Miocene formations 
in this area. Although attempts have been 
made to discard this name on various 
grounds, the reviewer is strongly inclined to 
Mr. Gregory’s view. The unconsolidated 
sands in Big Spring Canyon, from which the 
fauna was collected, are referred to the 
Ogallala group by the author. This is con- 
trary to views expressed by the reviewer in 
another paper some years ago, but time has 
shown that the Ogallala is probably too ex- 
tensive to be regarded as one formation and 
therefore must be looked upon as a group 
name. In the Big Spring Canyon section, 
Gregory demonstrates the presence of only 
two types of sediments, the flood plain 
sands in which fossils are rare, and the 
Channel sands in which the fossils are found. 
Both types of sediment are carefully dis- 
cussed as to grain size, petrography and 
probable origin. The question of aeolian 
origin of some of the material is discussed on 
the basis of the work of Wentworth and 
Wanless, but it is concluded that the sedi- 
ments are largely fresh water. 

Big Spring Canyon contains the largest 
and most varied assemblage of Lower Plio- 
cene genera to be found at any one locality. 
There are about 30 genera recorded from 
here. The distribution of the fossils was 


carefully recorded on a map as they were © 


found and they were also accurately placed 
in the exposed section. The fauna is ana- 
lyzed as to the distribution of the genera in 
time, and the late Lower Pliocene age is 
definitely shown. Outstanding in the collec- 
tion is the camelid material, because of the 
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unquestionable association of limb bones 
and dentitions. The description of this ma- 
terial will be of great assistance in clearing 
up the confusion of the genera Procamelus 
and Pliauchenia. Throughout the faunal 
discussion Dr. Gregory is most conservative 
in his views, only three new forms are de- 
scribed. Wherever possible names already in 
print were used, and in the discussion of the 
horse material two of the older forms are 
thrown into synonymy. 

Throughout, the paper is well illustrated 
and beautifully printed. One wishes there 
were more monographs of these typical 
faunas for reference. We use the name 
Clarendonian age for the Big Spring Canyon 
fauna, and yet we know a great deal less of 
the Clarendon fauna and its geologic back- 
ground than we do of the Dakota locality. 

Dr. Joseph T. Gregory has recently been 
called into the United States Army. Upon 
the termination of the present war, we hope 
Mr. Gregory returns to his duties at Ann 
Arbor to contribute more studies such as 
this one. 

Curtis J. HESSE 
Agricultural and Mechanical College 
of Texas, College Station, Texas 


GEOLOGICAL IMPORTANCE OF CALCAREOUS 
ALGAE WITH ANNOTATED BIBLIOGRAPHY, 
by J. Harlan Johnson, Quarterly of the 
Colorado School of Mines, vol. 38, no. 1, 
102 pp., 23 figures, two tables; Golden, 
Colorado, Jan. 1943. 


The bibliography of 935 items is of pri- 
mary interest in this publication since only 
five pages are devoted to text and preface, 
and nine to figures illustrating various typi- 
cal forms of calcareous algae. Geologists will 
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find here many articles cited indicating the 
geologic importance of algae and their oc- 
currences. Probably many of these refer- 
ences are not generally known. Nearly half 
of the entries are annotated, including many 
of the titles of special interest to students of 
calcareous algae. The annotations and four 
separate indices (subject, geographic, age, 
generic) make it easy to refer to literature on 
special topics, and of particular value to 
those having little previous acquaintance in 
the field. 

The bibliography is admittedly incom- 
plete; neither does it deal with calcareous 
algae exclusively. Older literature on bog- 
head algae is cited but the more recent work 
of Thiessen, Zalessky and by Blackburn and 
Temperley, identifying these forms with 
Botryococcus braunt, has been omitted. Like- 
wise several references are given to literature 
on Parka, but Don and Hickling’s more 
thorough treatment is not listed. A few 
papers dealing with spores of higher plants 
(Zerndt 1930, Bailey 1935), and some others, 
are included for no very evident reason. 

There probably are few who dispute the 
importance of algae as geologic agents in 
spite of the scant attention they usually re- 
ceive. Johnson’s bibliography will be of 
great assistance to anyone taking up in- 
vestigation in this rather specialized branch 
of paleobotany, and both he and his asso- 
ciates at the Colorado School of Mines de- 
serve praise for making it available. Possibly 
it may afford the needed impetus for initia- 
tion of studies by a larger number of 
workers. 

JaMEs M. ScHopr 
Illinois Geological Survey, 
Urbana 
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Dominican Republic, C. A. 

ELuts, ALBERT D., JR., Stanolind Oil & Gas 
Co., Box 3092, Houston, Tex. 

*ELLIs, BROOKS FLEMING, Dept. of Geol., 
New York Univ., New York, N. Y. 
E.uisor, ALva C., Humble Oil & Refg. Co., 

P. O. Drawer D, Houston, Tex. 

*Emets, J. D., Compania Petroleo de Shell, 
Bogota, Colombia, S. A. 

*Emery, KENNETH O., Dept. of Geol., Univ. 
of Illinois, Urbana, Ill. 

*ErK, AHMET Svat, Havuzbasi, 
Caddesi 24, Ankara, Yenisehir, Turkey 

FerGuson, GLENN C., Union Oil Co. of 
Calif., Kern Co. Land Bldg., Bakers- 
field, Calif. 

FERGUSON, HERSHAL CEVERA, 1208 Esper- 
son Bldg., Houston, Tex. 

FEeTTKE, CHARLES R., Carnegie Inst. of 
Technology, Pittsburgh, Pa. 

*FIscHER, ALFRED G., Dept. of Geol., Vir- 
ginia Polytechnic Institute, Box 829, 
Blacksburg, Va. 

*FIsHER, W., 
Lewiston, Me. 

Fisk, Harotp N., School of Geology, 
Louisiana State Univ., Baton Rouge, 
La. 

FLAGLER, C. W., Gulf Oil Corp., Room 1615, 
17 Battery Pl., New York, N. Y. 

*FooTtE, KATHRYN, Houston Oil Co. of 
Texas, Box 2412, Houston, Tex. 

Forrest, Lesu C., 1655 G St., Bakersfield 
Calif. 
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*FRANKLIN, ELMER S., 2800 N. Sichel St., 
Los Angeles, Calif. 

FREDERICKSON, EDWARD ARTHUR, 1105 Rut- 
ledge St., Madison, Wis. 

*FRENZEL, HuGuH, 942 F.G.T.S., Las Vegas 
Army Gunnery School, Las Vegas, Nev. 

*FRriTz, EpwArRD B., Union Oil Co. of Calif., 
Box 511, Compton, Calif. 

*FrYE, JoHN C., State Geol. Survey, Univ. 
of Kansas, Lawrence, Kan. 

FUNKHOUSER, HAROLD JOHN, Mene Grande 
Oil Co., Apt. 45, Barcelona, Venezuela, 
S. A. 

GALLOwAY, JESSE J., Dept. of Geol., Univ. 
of Indiana, Bloomington, Ind. 

GARDNER, JULIA, U. S. Geol. Survey, Wash- 
ington, D. C. 

GARRETT, JULIUS BENJAMIN, JR., c/o R. H. 
Fonville, 216 Branard St., Houston, 
Tex. 

GETZENDANER, FRANK M., Uvalde, Tex. 

GILEs, ALBERT W., Dept. of Geol., Univ. of 
Arkansas, Fayetteville, Ark. 

GILL, JosEPH Powers, Sinclair Prairie Oil 
Co., Box 978, Ardmore, Okla. 

GILLULY, JAMES, Dept. of Geol., Univ. of 
California, Los Angeles, Calif. 

*GIMBREDE, Louis DE A., 3214 Randall, 
Houston, Tex. 

GLENN, LEonipAs C., Dept. of Geol., Van- 
derbilt Univ., Nashville, Tenn. 

GoopricH, Paut K., Hdq. III Army Corps, 
A.P.O. 303, Fort McPherson, Ga. 

Goupkorfr, Paut P., 799 Subway Terminal 
Bidg., Los Angeles, Calif. 

Grant, U. S., IV, Dept. of Geol., Univ. of 
California, Los Angeles, Calif. 

GRAVELL, DONALD W., Atlantic Refg. Co. of 
Cuba, 401 Edificio la Metropolitana, 
Havana, Cuba 

GREENE, FRANK C., 900 E. Ninth St., Kan- 
sas City, Mo. 

GricsBy, R. B., 2810 E. Twenty-sixth St., 

“Tulsa, Okla. 

GrILEy, Horace L., Sun Oil Co., Philadel- 
phia, Pa. 

GRIMSDALE, THOMAS F., Cia Petrolera ‘‘La 
Estrella de Cuba,’’ Apt. 1329, Havana, 
Cuba 

GULLY, Puiip D., Box 1010, Beeville, Tex. 

HADLEY, WADE H., Jr., Pure Oil Co., 1616 
Canal Bldg., New Orleans, La. 

HALBouty, MIcHEL Tuomas, 5 W. Lane, 

Houston, Tex. 


HatstTeD, Morris E., Amerada Petr. Corp, 
1811 Esperson Bldg., Houston, Tex. 

HAMILL, JAMES M., The Texas Co., 929 S, 
Broadway, Los Angeles, Calif. 

HAMILTON, IRVING Boyp, 1518 E. Fifty. 
ninth St., Apt. 2-A, Chicago, IIl. 

Hanna, G. DAttas, California Academy of 
Science, San Francisco, Calif. 

Hanna, Marcus A., Gulf Oil Corp., Box 
2100, Houston, Tex. 

*Hanson, ALVIN M., Providence, Utah 

Harton, Bruce H., Amerada Petr. Corp., 
Box 2040, Tulsa, Okla. 
*HARRIS, REGINALD W., Dept. of Geol., 
Univ. of Oklahoma, Norman, Okla. 
Hawkins, GLENN D., 423 S. Allegheny, 
Tulsa, Okla. 

*Hawkins, Haroip H., 36 Lock Lane, Apt. 
6, Richmond, Va. 

HazzarpD, Roy T., Gulf Refg. Co. of La., 
Box 1731, Shreveport, La. 

HEbDBERG, Ho ttis D., Mene Grande Oil Co., 
Apt. 45, Barcelona, Venezuela, S. A. 

HENBEsT, LLoyp G., Room 327, U. S. Natl. 
Museum, Washington, D. C. 

*HERBERT, PAUL, JR., State Geol. Survey, 
Urbana, III. 

*HEssE, Curtis J., Texas A. & M. College, 
College Station, Tex. 

*HIBBARD, RAYMOND R., 219 Bissell Ave., 
Buffalo, N. Y. 

HockMAN, JAMEs N., Box 14, Benton, IIl. 

HOLDEN, FREDERICK THOMPSON, Carter Oil 
Co., Box 1739, Shreveport, La. 

HOLLipAy, SAMUEL, 2215 Bellaire Blvd., 
Houston, Tex. 

HoneEss, CHARLEs W., Gulf Refg. Co., Box 
774, Evansville, Ind. 

Hoover, W. Farrin, 409 S. E. First St., 
Evansville, Ind. 

HORNBERGER, JOSEPH, JR., The Texas Co., 
Box 2332, Houston, Tex. 

Hovuaa, Jack Luin, Bur. of Ordnance, Navy 
Dept., Washington, D. C. 

Howe, HEnry V., School of Geology, Lou- 
isiana State Univ., Baton Rouge, La. 

*HowELL, B. F., Dept. of Geol., Princeton 
Univ., Princeton, N. J. 

*HuGHEs, ADEN W., 437 E. Camino Colegio, 
Santa Maria, Calif. 

HucueEs, Donatp D., Dept of Geol., Stan- 
ford Univ., Stanford University, Calif. 

HuGHEs, URBAN B., 464 Twelfth St., Lau- 

rel, Miss. 
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Hussey, Keira Morcan, 1404 W. Ken- 
tucky, Midland, Tex. 

Ixins, WILLIAM CLYDE, Tide Water Assoc. 
Oil Co., Box 1404, Houston, Tex. 

IsRAELSKY, MERLE C., Union Prod. Co., 
841 M. & M. Bidg., Houston, Tex. 

JaBLONSKI, EUGENE, 18 Hillcrest Rd., 
Mountain Lakes, N. J. 

Janovy, Joun, 1427 E. Thirty-fifth PI., 
Tulsa, Okla. 

Jounson, FRANK WALKER, Standard Oil 
Co. of Venezuela, Caripito, Venezuela, 
S. A. 

Jounson, J. HarLan, Colorado School of 
Mines, Golden, Colo. 

*JoNES, BRADFORD C., Box 201, Palos Ver- 
des Estates, Calif. 

JorLinc, Don WINTER, Lago Petr. Corp., 
Apt. 172, Maracaibo, Venezuela, S. A. 

Jorpan, Louise, Sun Oil Co., Box 2880, 
Dallas, Tex. 

KAUFMANN, GopFrREyY E., Standard Oil Co. 
of Venezuela, Apt. 1329, Caracas, 
Venezuela, S. A. 

Kay, G. MARSHALL, Dept. of Geol., Colum- 
bia Univ., New York, N. Y. 

KELLEY, FREDERIC R., Belvedere, Calif. 

Kemp, AuGusta HassLock, Seymour Public 
Schools, Box 626, Seymour, Tex. 

*KinGc, RaLtpH H., Box 829, Carlsbad, N. 
Mex. 

KinG, RoBert Evans, 613 N. Lake St., 
Carlsbad, N. Mex. 

KLEINPELL, ROBERT M., 675 S. Euclid Ave., 
Pasadena, Calif. 

KnicuT, J. Brookes, Dept. of Geol., 
Princeton Univ., Princeton, N. J. 

HEpwiG T., 134 W. Agarita Ave., 
San Antonio, Tex. 

KRUMBEIN, WILLIAM C., Beach Erosion 
Board, Little Falls Rd., N.W., Wash- 
ington, D. C. 

KuGLer, Hans G., Trinidad Leaseholds, 
Ltd., Pointe-a-Pierre, Trinidad, B.W.I. 

*KUMMEL, BERNHARD, Dept. of Geol., Univ. 
of Iowa, Iowa City, 

LAIMING, Boris G., The Texas Co., 929 S. 
Broadway, Los Angeles, Calif. 

LALicKER, Cecit G., Dept. of Geol., Univ. 
of Oklahoma, Norman, Okla. 

*LreE, A. THEODORE, 2716 W. Ejighty-sec- 
ond St., Inglewood, Calif. 

LevorsEN, A. I., 221 Woodward Blvd., 

Tulsa, Okla. 
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LOEBLICH, ALFRED RICHARD, JR., Dept. of 
Geol., Tulane Univ., New Orleans, La. 

*LowEnstTaM, HErnz A., Illinois State Mu- 
seum, Springfield, IIl. 

LyncH, SHIRLEY ALFRED, Dept. of Geol., 
North Texas Agricultural College, Ar- 
lington, Tex. 

*MACFADYEN, W. A., Hope’s Grove, Ten- 
terden, Kent, England 

MacNaucaton, Lewis W., DeGolyer, Mac- 
Naughton & McGhee, 1000 Continen- 
tal Bldg., Dallas, Tex. 

MALKIN, Doris S., 641 M. & M. Bidg., 
Houston, Tex. 

MANGER, G. EpwarpD, Mene Grande Oil Co., 
Apt. 45, Barcelona, Venezuela, S. A. 
Marks, JAy GLENN, International Petr. 

Co., Casilla 803, Guayaquil, Ecuador, 
S. A. 
MakrTIN, JAMES L., JR., Dept. of Conserva- 


tion, Louisiana State Univ., Baton 
Rouge, La. 

Martin, Lois T., 2218 D St., Bakersfield, 
Calif. 

May, ArtHurR R., Superior Oil Co., Bakers- 
field, Calif. 


MILLER, ARTHUR K., Dept. of Geol., Iowa 
State Univ., lowa City, Iowa 

Mitts, LLoyp CLARENCE, Pure Oil Co., Box 
671, Midland, Tex. 

MINTON, JOSEPH WEBER, Sun Oil Co., Mc- 
Allen, Tex. 

HuGu D., U.S. Geol. Survey, Wash- 
ington, D. C. 

MONTGOMERY, JAMES CAMPBELL, Harrison 
Oil Co., Box 2279, Houston, Tex. 

Moore, Raymonp C., Dept. of Geol., Univ. 
of Kansas, Lawrence, Kan. 

Moore, WILL1AM BisHop, Atlantic Refg. 
Co., Box 1346, Houston, Tex. 

MorEMAN, WALTER L., Magnolia Petr. Co., 
Box 1828, Oklahoma City, Okla. 

*MoreEy, Pxitip Stockton, Shell Oil Co., 
Inc., 2000 Alamo Natl. Bldg., San An- 
tonio, Tex. 

Morrison, T. E., Humble Oil & Refg. Co., 
Box 2180, Houston, Tex. 

Morrow, A. Lynpon, Magnolia Petr. Co., 
Box 872, Lake Charles, La. 

MULLERRIED, F. K. G., Av. Mazatlan 208, 
Tacubaya, D. F., Mex. 

Munyan, Artuur C., Dept. of Geol., Em- 

ory Univ., Emory University, Ga. 
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Murray, GRovER, Magnolia Petr. Co., 508 
Millsaps Bldg., Jackson, Miss. 

*NADEAU, BETTY KELLETT, 1018 Bompart 
Ave., Webster Groves, Mo. 

NATLAND, MANLEY LEONARD, Richfield Oil 
Corp., Long Beach, Calif. 

NEEDHAM, CLAUDE E., Economics & Statis- 
tics Branch, U. S. Bureau of Mines, 
Washington, D. C. 

NEILL, WENZEL BAKER, Stanolind Oil & 
Gas Co., Box 3092, Houston, Tex. 

NEWELL, NoRMAN DENNIS, c/o Ingenieros 
de Minas, Lima, Peru, S. A. 

Nico, Davip, 4067 Mattison, Fort Worth, 
Tex. 

Otsson, AXEL, A., 48 Woodside Ave., Glo- 
versville, N. Y. 

*OtTo, GEORGE H., Rosenwald Hall, Univ. 
of Chicago, Chicago, III. 

Owens, FritH CrAvENS, 213 Hendricks 
Bldg., Corpus Christi, Tex. 

*PaLMER, DorotHuy, Neptuno 1060, Ha- 
vana, Cuba 

PALMER, KATHERINE V. W., 206 Oak Hill 
Rd., Ithaca, N. Y. 

*PARKER, FRANCES, 46 Carlton, Brookline, 
Mass. 

Patton, LeRoy T., Texas Technological 
College, Lubbock, Tex. 

PayNE, THomas Gipson, U. S. Geol. Sur- 
vey, Dept. of the Interior, Alaskan 
Branch, Washington, D. C. 

*PETTIJOHN, F. J., Univ. of Chicago, Chi- 
cago, IIl. 

Petty, DaBney E., Petty Geophysical Eng. 
Co., Box 1447, San Antonio, Tex. 

*PFANNKUCHE, Mrs. H. C., 2428 Shirley, 
Fort Worth, Tex. ° 

{PLuMMER, FRED B., Bureau of Economic 
Geology, Univ. of Texas, Austin, Tex. 

PonTON, GERALD M., 2714 St. George St., 
St. Augustine, Fla. 

Poor, RussELL SPURGEON, Birmingham- 
Southern College, Birmingham, Ala. 
Porcy, Epwin L., Jr., Box 573, San An- 

tonio, Tex. 

PyEatt, LLtoyp M., Atlantic Refg. Co., Box 
1346, Houston, Tex. 

PyreE, AuGustTIN, Rt. 2, Madison, Wis. 

REED, EuGENE C., 1909 Perkins Blvd., 
Lincoln, Neb. 

REESIDE, JOHN BERNARD, JR., U. S. Geol. 

Survey, Washington, D. C. 
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REINHART, PHILIP W., Shell Oil Co., Inc, 
1414 Forty-fourth St., Sacramento, 
Calif. 

REITER, WILHELM A., 923 Esperson Bldg, 
Houston, Tex. 

REVELLE, ROGER, 9201 Flower Ave., Silver 
Spring, Md. 

Ricuarps, J. T., Gulf Oil Corp., Box 1557, 

. Oklahoma City, Okla. 

Ries, HEINRIcH, Dept. of Geol., Cornell 
Univ., Ithaca, N. Y. 

RicGs, RoBErT J., Stanolind Oil & Gas Co., 
Box 591, Tulsa, Okla. 

ROLSHAUSEN, F. W., Humble Oil & Refg. 
Co., 1068 Humble Bldg., Houston, Tex, 

ROPER, FRANK CHARLES, A.A.F., Box 422, 
Brooks Field, Tex. 

RussELL, R. Dana, Univ. of California, 
Div. of Natl. Defense Research, U. S. 
Navy Radio & Sound Laboratory, San 
Diego, Calif. 

RYNIKER, CHARLES, Gulf Oil Corp., Box 
661, Tulsa, Okla. 

SAMPLE, CHARLES Hurst, Houston Oil Co., 
Box 2412, Houston, Tex. 

SANDIDGE, JOHN R., Magnolia Petr. Co., 
1704 Alamo Natl. Bldg., San Antonio, 
Tex. 

Sass, Louts Cart, Kuwait Oil Co., Kuwait, 
Persian Gulf 

SCHENCK, HUBERT G., Box 1528, Stanford 
Univ., Stanford University, Calif. 

*ScHMIDT, RutH A. M., 258 Argyle Rd., 
Brooklyn, N. Y. 

SCHWEERS, RICHARD HENRY, The Texas 
Co., Box 1720, Fort Worth, Tex. 

*ScoBEY, E.uis H., Box 106, Indianapolis, 
Ind. 

Scott, GAYLE, Dept. of Geol., Texas Chris- 
tian Univ., Fort Worth, Tex. 

Scott, HAROLD WILLIAM, 246 Natural His- 
tory Bldg., Univ. of Illinois, Urbana, III. 

SEAGER, ORAMEL AINSWORTH, Carter Oil 
Co., Box 2104, Billings, Mont. 

SEASHORE, Paut T., Louisiana Land & 
Expl. Co., Houma, La. 

SELIG, A. L., Stanolind Oil & Gas Co., Box 
3092, Houston, Tex. 

SELLARDS, E. H., Bureau of Economic Geol- 
ogy, Univ. of Texas, Austin, Tex. 

SENN, ALFRED, British Union Oil Co., Ltd., 
Box 177, Bridgetown, Barbados, B.W.I. 

SHay, D. C., 1726 Wroxton Ct., Houston, 
Tex. 
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SHOENFELT, C. E., Petroleum Information, 
Inc., Continental Oil Bldg., Denver, 
Colo. 

SIDWELL, RAYMOND, Dept. of Geol., Texas 
Technological College, Lubbock, Tex. 

SiecFuS, STANLEY S., 300 Balsam Ave. 
(Skyline Park), Bakersfield, Calif. 

Smon, Louis JOSEPH, JR., The Texas Co., 

929 S. Broadway, Los Angeles, Calif. 

SIMONSON, RUSSELL Ray, 784 N. Hunting- 
ton Blvd., Pomona, Calif. 

SmitH, RALPH E., 2829 Cantey St., Fort 
Worth, Tex. 

SmitH, ROBERT HENDEE, School of Geol- 
ogy, Louisiana State Univ., Baton 
Rouge, La. 

SoHN, IsRAEFL, G., U. S. Geol. Survey, S. 
Strafford, Vt. 

SPENCER, MariA, Superior Oil Co., Box 510, 
Midland, Tex. 

SPIEKER, EDMUND M., Dept. of Geol., Ohio 
State Univ., Columbus, Ohio 

*STADNICHENKO, TAISIA, Dept. of the Inter- 
ior, U. S. Geol. Survey, Washington, 

STAINBROOK, MERRILL A., Dept. of Geol., 
Texas Technological College, Lubbock, 
Tex. 

STAUFFER, CLINTON R., Dept. of Geol., 
Univ. of Minnesota, Minneapolis, 
Minn. 

STENZEL, HENRYK B., Bureau of Economic 
Geology, Univ. of Texas, Austin, Tex. 

STEPHENSON, LLoyp W., U. S. Geol. Survey, 
Washington, D. C. 

STEPHENSON, Morton B., Stanolind Oil & 
Gas Co., Box 3092, Houston, Tex. 

STEVENSON, FRANK VINCENT, 2723 Lela 
Ave., Fort Smith, Ark. 

*STEWART, DuNcAN, Dept. of Geol., Lehigh 
Univ., Bethlehem, Pa. 

STILL, Joun T., 3 Oak Ct., Houston, Tex. 

*STRIMPLE, H. L., Box 94, Bartlesville, Okla. 

StuBBs, SIDNEY ALTON, Box 132, Braden- 
ton, Fla. 

STUCKEY, CHARLES W., JR., Stanolind Oil & 
Gas Co., Box 3092, Houston, Tex. 

Stupt, CHARLES W., Sagamore Oil & Gas 
Co., Independence, Kan. 

*Sutton, A. H., Aluminum Ore Co., Rosi- 
clare, IIl. 

*SwaRTz, FRANK M., 722 N. Atherton, 
State College, Pa. 

TAYLOR, WILLIAM HARLAN, Petty Geo- 
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physical Eng. Co., 1449 Esperson Bldg., 
Houston, Tex. 

TESTER, ALLEN C., Dept. of Geol., Univ. of 
Iowa, Iowa City, lowa 

THALMANN, Hans E., International Petr. 
Co., Quayaquil, Ecuador, S. A. 

Tuomas, NorMAN L., Box 38, Bakersfield, 
Calif. 

THompson, Marcus LutTHeEr, Dept. of 
Geol., Univ. of Kansas, Lawrence, Kan. 

THOMPSON, SHERIDAN A., Magnolia Petr. 
Co., Box 900, Dallas, Tex. 

*TuHorpP, E. M., Soil Conservation Service, 
Box 1898, Fort Worth, Tex. 

TigzjE, ARTHUR J., Cordova Hotel, 826 W. 
Eighth St., Los Angeles, Calif. 

*TOEPELMAN, WALTER C., Univ. of Colo- 
rado, Boulder, Colo. 

TOMLINSON, CHARLES W., 509 Simpson 
Bldg., Ardmore, Okla. 

TRASK, PARKER D., U. S. Geol. Survey, 
Washington, D. C. 

TROWBRIDGE, ARTHUR C., 1182 E. Court 
St., lowa City, lowa 

Tscuopp, HERMAN I., Shell Oil Co. of Ecua- 
dor, Inc., Apt. 340, Quito, Ecuador, 
S. A. 

TuLLis, EpwarD LANGDEN, S. Dakota 
School of Mines, Rapid City, S. Dak. 

TWENHOFEL, W. H., Dept. of Geol., Univ. of 
Wisconsin, Madison, Wis. 

Upson, Marin E., Gulf Oil Corp., Box 
1290, Fort Worth, Tex. 

VAUGHAN, T. WAYLAND, 3333 P St., Wash- 
ington, D. C. 

WaGner, C. RICHARD, Pure Oil Co., Box 
2127, Amarillo, Tex. 

WAGNER, Cart D., 2259 S. Troost, Tulsa, 
Okla. 

*WaLpo, A. W., College of the Pacific, 
Stockton, Calif. 

*WaLLace, Maurice H., 115 Lynn, Ames, 
Iowa 

Wan ess, HaroLp R., 126 Natural History 
Bldg., Univ. of Illinois, Urbana, III. 

WarTHIN, ALDRED S., Jr., Dept. of Geol., 
Vassar College, Poughkeepsie, N. Y. 

WatTERsS, JAMES ALTON, Sun Oil Co., Box 
2880, Dallas, Tex. 

*Watson, ELIZABETH, 5823 Packard St., 
Los Angeles, Calif. 

WEAVER, CHARLEs E., Dept. of Geol., Univ. 

of Washington, Seattle, Wash. 
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WEEKs, HERBERT J., Sun Oil Co., 1608 Wal- 
nut, Philadelphia, Pa. 

WEEKS, WARREN B., Phillips Petr. Co., Box 
1729, Shreveport, La. 


“*WELcH, ROBERT N., Cedar Grove Farm, 


Rt. 5, Tates Creek Pike, Lexington, 
Ky. 

WELLER, J. Marvin, State Geol. Survey, 
Urbana, IIl. 

WELLMAN, DEAN C., Pure Oil Co., Box 271, 
Tulsa, Okla. 

WESTHEIMER, JEROME Max, Simpson-Fell 
Oil Co., Ardmore, Okla. 

WESTMORELAND, FRANK SMITH, 906 Sterling 
Blidg., Houston, Tex. 
Weymouth, A. ALLEN, New Zealand Petr. 
Co., Ltd., Box 295, Gisborne, N. Z. 
WHippLe, G. LEsLiE, Apt. Nac. 2760, Bo- 
gota, Colombia, S. A. 

WHITE, MaynarpD P., Gulf Oil Corp., Box 
30, Ardmore, Okla. 

WHITE, ROBERT THOMPSON, Barnsdall Oil 


Co., Whittier, Calif. 

*WuHiITLatcH, GEORGE I., Tennessee Diyi- 
sion of Geology, State Office Bldg, 
Nashville, Tenn. 

WHitTney, F. L., 2715 Splitrock Ave., Aus- 
tin, Tex. 

*WICKENDEN, Rosert T. D., Geol. Survey 
of Canada, Ottawa, Ont., Canada 
*WILLIAMS, JAMES STEELE, U. S. Geol. Sur- 

vey, Washington, D. C. 

WINKLER, Hans, 104 W. Thirty-second St,, 
Austin, Tex. 

WINTON, WILL M., Dept. of Geol., Texas 
Chfistian Univ., Fort Worth, Tex. 
WISSLER, STANLEY G., Union Oil Co. of 

Calif., Box 511, Compton, Calif. 

WRATHER, WILLIAM Empry, Metals & 
Minerals Div., Board of Economic 
Warfare, Washington, D. C. 

YARBOROUGH, HUNTER, JR., Naval Trans- 
port Sqn. No. 1, 3648 Matheson Ave., 
Coconut Grove, Fla. 
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